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TECHNICAL SUMMARY

Experiments were conducted to determine effects of Daytime Running Light (DRL) design
parameters on the perceptual performance of human observers in areas mcludmg peripheral detection
of an oncoming vehicle under daylight conditions, detection of operating turn s1gnals in the presence
of a masking DRL and assessment of discomfort glare produced by DRL under twilight conditions.

Background - Data from accident rate field tests have suggested that the use of DRL on vehicles
may have potential for reduction of collision likelihood and severity. Legislation requiring the use of
DRL has been passed in European countries, including Sweden and Finland, and will go into effect
in Canada in 1989. With regard to the possible introduction of DRL in the United States, a number
of research and design issues have arisen. These involve effects of design parameters on vehicle
conspicuity under daylight condition including central lamp intensity; beam distribution, lamp area,
lamp color, number of lamps, lamp background, etc. It has been suggested that a DRL lamp which
will be effective in the U.S. may require greater intensity than that of lamps found to be effective in
the Northern European countries, in which DRL was first introduced, because of the higher
prevailing levels of ambient illumination in the U.S.

Assuming that increased lamp intensity will produce a greater enhancement of vehicle conspicuity
under daylight conditions, a second set of questions has arisen which involves possible
. counter-productive effects of arbitrarily high DRL intensity levels. Factors which have been
suggested as possibly limiting DRL intensity include masking of non-equipped vehicles, production
of discomfort glare under dawn/dusk conditions and masking of turn signals if the DRL lamps are
located in proximity to these. Requirements for limitations on DRL intensity arising from these
considerations have been of particular interest to the Canadian government in putting forth a DRL
specification.

- The above research issues have arisen, in part, because of interest in the relative effectlveness (in
terms of both daytime conspicuity and glare/masking) of specific modes of DRL implementation.
These include use of high beam headlamps (usually with intensity reduction), low-beam headlamps,
turn signals in a normally-on configuration, parking lamps and dedicated DRL lamps. The objective
of the research reported here was to conduct a series of empirical investigations of the effects of DRL
design parameters on vehicle detection distance under daytime illumination, turn signal masking, and
rearview mirror discomfort glare under twilight conditions. Three experiments were performed to
assess effects of selected DRL desxgn parameters on the above areas of driver perceptual behavior.

_gmdgm_teg_tmﬁxpenmem The distance at detection of a vehicle approachmg at a 15 degree
peripheral angle was determined under dayt1me ambient ﬂlununatxon conditions for selected treatment
combinations of the followmg independent variables:



0, 250, 500, 1000 or 2000 candela
50, 100 or 200 sq. cm.
dual separated versus single center-mounted

+ DRL intensity at H-V
e DRL lamp area
+ DRL separation
« DRL lamp color clear versus amber
* background contrast ‘white versus black background
Subjects sat at a 15 degree angle to a roadway and faced a primary task display. They were
instructed to attend to the primary task. The test vehicle approached at 25 mph along the roadway. A
subject responded upon detecting the vehicle in peripheral vision by pressing a hand-held switch
which transmitted a signal to distance measurement equipment in the test vehicle. Detection distance
was determined from this system and ambient illumination was measured at the end of each trial using
a photometer. The data were subjected to regression analysis and analysis of covariance. The
regression analysis showed that detection distance increased significantly with DRL intensity. The
mean improvement in detection distance was approximately 80 feet when the grand mean at the 2000
cd. intensity level was compared with that for no DRL (0 cd.). For higher levels of ambient
illumination (greater than the observed mean of 41912 lux), DRL intensities below 500 cd. had little
effect on detection distance. v
An analysis of covariance, with the effect of ambient illumination removed statistically, showed
that detection distance improved significantly as a function of DRL intensity and separation, with the
dual configuration being detected an average of 27 feet farther than the single center-mounted DRL.
Amber DRL lamps were detected at greater distances than were clear ones for lamps having areas
from 50 to 100 sq. cm. This trend was reversed for 200 sq. cm. lamps. Background contrast
produced significant interactions with DRL color and separation.
Turn Signal Masking Experiment - Lamps representing turn signals were mounted adjacent to
dual, separated DRL lamps. Probability of correct turn signal detection was determined under
daytime ambient illumination conditions for treatment combinations of the following independent

variables:
+ DRL intensity at H-V
e DRL lamp area
¢ DRL lamp color clear versus amber
» viewing distance 250 versus 500 feet
Subjects viewed the test vehicle from a distance and reported the direction of the turn signal which
was activated. Ambient illumination was measured during each trial using a photometer. The data
were subjected to regression analysis and analysis of covariance with the effect of ambient

500, 1000 or 2000 candela
50, 100 or 200 sq. cm.

illumination removed statistically.
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The regression analysis showed that the probability of correct detection decreased significantly
with increasing DRL lamp area and viewing distance. DRL intensity was not found to exert a
significant main effect. Significant interactions were found involving DRL area, color, intensity and
distance. In general, for clear DRL lamps, probability of correct detection showed decrements due to
increasing DRL area, intensity and viewing distance while more complex interactive effects were
noted for amber lamps. |

Rearview Mirror Glare Experiment - For the range of DRL intensities under study, glare under
dawn/dusk conditions for the oncoming vehicle case were not annmpated to be a problem. A worst
case, however, was expected to result from rearview mirror glare produced by a following vehicle
due to the minimal distance and horizontal angle which could prevail. Rearview mirror glare was
evaluated under twilight ambient illumination conditions for treatment combinations of the following
independent variables:

* DRL intensity at H-V - 500, 1000 or 2000 candela

* DRLlamp area 50, 100 or 200 sq. cm.

* DRL separation dual separated versus single center-mounted

+ DRL lamp color clear versus amber
The subject was seated at the driver position in a test vehicle. The DRL lamps were mounted 20 feet
behind the rear of the vehicle at the same vertical height as the rearview mirror and the driver's eye.
Subjects observed the rearview mirror and responded using a 9 point scale of judged discomfort
glare. They also indicated whether or not they would flip the mirror to the reduced intensity position
if they were driving the vehicle. Trials were run during the period from one-half hour before to one
half-hour after sunset. Ambient illumination was measured during each trial using a photometer. The
rating data were subjected to regression analysis which showed no significant effect of ambient

illumination. Therefore, analysis of variance was performed on the rating data without adjustment for
ambient illumination. The main effects of DRL intensity and area were found to be statistically
significant.

Probability of mirror dimming response was found to be significantly influenced by ambient
illumination, so analysis of covariance was performed with the effect of ambient illumination
removed statistically. The main effect of DRL intensity was found to be statistically significant and to
consist of a regular increase in probability of dimming response from .13 at a DRL intensity of 500
cd. to .80 at 2000 cd.

Conclusions and Recommendations - The recommended central DRL intensity based on the
vehicle detection data was 2000 cd. Beam pattern was not manipulated explicitly as an independent
variable because the effect of seeing a particular lamp at a particular angle off of the lamp axis is
simply a reduction in apparent intensity, and intensity was an experimental variable. The utility of



luminous output at a given horizontal or vertical angle from H-V clearly depends on the likelihood
that the driver of a conflicting vehicle will see the lamp from that position. The report authors had
previously done work, which was reported elsewhere, on figures of merit for luminous output at
various angles. This took the form of calculations of metrics which depended on roadway geometry
constraints and assumptions about vehicle conflicts to produce measures of relative utility for a range
of angles in the horizontal plane. The figure of merit function was found to have a maximum at 10
degrees left of H-V, so it was recommended that a DRL lamp should have the maximum intensity of
2000 cd. at this angle and that the target intensity for a given horizontal angle should be the product of
the figure of merit for that angle and the maximum intensity of 2000 cd. '
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1. 0 INTRODUCTION

A number of tests and analyses have suggested that the use of daynme running lights (DRL)
can substantially reduce multiple vehicle accident rates. Evidence for this asscrtion has arisen from
two types of experimental approaches. Accident rate field tests have generally involved comparison
of accident rates for vehicles with and without DRL. DRL design studies have been performed to
assess conspicuity or detectability of DRL lamps as a function of des1gn features suck. as central
intensity, intensity distribution, lamp area, lamp color, etc. The results of DRL tests and analyses
have led Finland and Sweden to enact national laws requiring DRL, and the Canadxan government .
has proposed a similar law. The potential benefit of DRL in the U.S. traffic system is currently of
interest to the U.S. Department of Transportation National Highway Traffi_c Safety Adnuntstratton
(NHTSA). This paper presents the results of a series of experiments on DRL detectability, glare
and turn signal masking. The obJecttve of these experiments was to provrde data on the effects of
several DRL design parameters. :

A central 1ssue in the development of an effective DRL concept is that of lamp mten51ty and its
an gular distribution honzontally and verttcally A number of authors, mcludmg Attwood (1981) :‘
and Rumar (198 1), have argued that the mechamsm by which any DRL safety beneﬁt will come
about is enhancement of performance in penpheral detection of vehicles by dnvers Luminous
intensity is the primary design parameter determining the visual effecttveness of 2 DRL. ForaDRL ,
to perform its function of enhancmg vehicle consplcutty, an adequate level of i mtensny is required
in the direction along the line of regard of the dnver of another vehicle. It can be argued that a DRL
intensity 1ncrement will always produce a consprcutty and detection performance mcrement The
shape of the curve may be such that beyond some pomt further 1ntens1ty 1ncrements produce
diminishing returns, so that the benefit is not worth the energy cost. There are other
considerations, however, which suggest that a DRL upper mten31ty limit should be spectﬁed
These xnvolve glare and, perhaps, masking of other relevant stimuli due to vetlmg luminance
produced by DRL if these are set to too high an intensity.

- Two research questmns have arisen in connection with DRL des1gn and development One
involves the degree to whxch consplcutty in full dayhght vanes as a function of DRL output
intensity and other desxgn parameters such as lamp area, color etc. The other general question
involves the DRL intensity level at whtch glare and maskmg wﬂl become problems under lower
ambient illumination levels. Hypothetical relatlonshxps are shown in F1gure 1-1.

It is presumed that conspxcutty under daylight conditions increases in a negatwely accelerated
fashion with 1ntens1ty This is shown as the Q_Qnsmmu;_um in Figure 1-1. Under low amblent
illumination such as dawn/dusk, it has been shown that high intensity levels of DRL may cause _
maskmg of cnncal stlmuh such as vehxcles without DRL and vehicle turn srgnals At some level of



F.onapicuitu Curve Glare/Masking Curve

High = ' X — High
c | | \ /
AN Fh, Ty, Ty g, Ty, Ay -»(;’h’h's‘b % - ):

ty Under

o High Ambient ITluminatio

1cul

Low Ambient I1lumination

DRL Consp

© DRL Glare/Masking Under

0 DRL lntensitg - ik

Figure 1-1. Hypothetical Relationship Between DRL
- - Intensity, Conspicuity and Glare/MaSking |

DRL intensity and some sufficiently low ambient illumination level, DRL lamps will become glere
sources, as scen by oncoming drivers. This is represented as a posmvcly accelerated gla;;[mgs]g_g ,
gurve in Figure 1-1. Figure 1-1 suggests that selection of a suitable DRL intensity level will require
a trade-off balancing DRL as a conspicuity treatment under high ambient illumnination against DRL
as a glare/masking source under low ambient illumination. The intensity increment A resuits in a
considerable increment in conspicuity but little increase in glare/masking. Increment A would
probably be jud; ed to be worthwhile. Interisity increment B, however, would probably be a pdor
choice, because in this region conspicuity is increasing very slowly while a large increase in
glare/masking would resuli from addition of increment B to DRL intensity. While it may not be
possible to obta n real data in the handy form shown in Figure 1-1, the logic of a trade-off between
DRL conspicui'y under high illumination and glare/maslqng under low 111ummat10n is certamly
important in the definition of an effective DRL concept.



2.0 ACCIDENT RATE FIELD TESTS
Field tests involve comparison of the dayttme accident rate of a group of vehicles equxpped

~ with some version of DRL with that of a similar group of vehlcles not havmg DRL In some cases, :
all vehicles in a given sample have been equrpped with DRL ata certain pomt in t1me and the

expemnental accident rate was determined during a penod of time followmg 1nsta11atron The -
control accident rate was then determined from a like period of time prior to installation. ‘This
general approach has been termed a before/after test. In interpreting data from such a test, it is

.. always possible that an observed accident rate reduction is due to extraneous non-DRL factors L

confounded with the pre-DRL and post-DRL time penods ‘These could include changes in

- weather, changes in vehicle density, changes in drtvmg practices, etc. The preferred type of test

uses a vehicle sample which is split into two matched groups. One of these is equipped with DRL
and constitutes the experimental group. The other is not so =quipped and constitutes the control

group. This approach has been termed a concurrent groups t>st. Assuming that location, vehicle =
type and dnver factor dxstnbutlons are matched in the two groups, any observed dlfferences in

accrdent rate between groups can then be attnbuted to the operatron of DRL Thc concurrent

groups approach is generally preferred on expenmcntal deS1gn grounds because 1t provrdes controI : L
, of extraneous varxables whrch might otherwrse produce spunous results

Results ofa number of DRL field tests are summanzed in Table 2-1. These studles have been "
rev1ewed by Attwood (1981), with the exception of the Insurance Instltute for Hrghway Safety

(IIHSS) test (Stein, 1985). The ITHS study used approximately 2000 DRL equipped automabiles,

trucks and vans and compared the accident rate of these wrth a sumlar number of control vehtcles
The DRL conﬁguranon used was vehlcle parkmg hghts with speclal bulbs havmg a 15 candela‘
(cd.) minor ﬁlament. For all vehicles in the test, a seven percent reductlon in daytrme acctdent rate
resulted from the use of DRL. '

The overall pattern of results in Table 2-1 shows a consrderable range of cffects of DRL For e
automobxles and trucks, the accrdent rate reduction figure of seven percent was found in several -

stud1es Reductlon percentages in other studies ranged consrderably above this. The degree of
reduction due to DRL appears to be roughly associated wrth DRL 1ntens1ty The IIHS study and_
the Swedish before/after study both reported a seven percent acc1dent reduction. “The hghtlng
configurauons in the latter were h1ghly varxable mcludmg auxiliary DRL lamps in the range of 300 -

800 cd. which were requrred on vehicles manufactured after the law went into effect, headlamps ‘

and city lamps which have an mtermedlate output. The IIHS study used increased i intensity parkmg
lamps which generally fell into an mtensrty range somewhat lower than that of the the Swedish ’

DRL standard. For many of the studies listed i in Table 2-1in Wthh headhghts were used as DRL,
somewhat greater acc1dent rate reducttons can be noted There is some suggestlon of an mcrcasmg



'Table 21. Summary of Daytime Running Light Field Tests

(1982-1984)

: Approximate
Vehicle DRL Test DRL
Source Type Configuration Approach Intensity (cd.)
yp ISity
. 150
Greyhound Bus Buses Headlights Before/After 6,000 - 15,000
Lines (1_9603_)
AT&Tlonglines  Automobiles/ Headiights Before/After 6,000 - 15,000
(1972) Trucks ' A ' \
Checker and Yellow  Automobiles Headfights Concurrent 6'0:00 - 15000
Cab Companies Groups
] » -1 f .
North Carofina Motorcycles Headlights Before/After 6,000 - 15,000
Motorcycle ‘
Headiight Law
(1977) o
, ’ - Parking Lights 20 - 50
Port of NewYork Automobiles/ Concurrent.
Authority (1965) Trucks Groups
Transport Automobiles/ Headlights Concurrent 6,000 - 15,000
~ Canada (1977) Trucks Groups
. iahis - 15,0
Swedish DRLLaw Al Vehicles 293.‘?“9’“5;{ Before/After 300 - 15,000
(1975-1979) | Lxiary
Insurance Institute Automobiles/ Parking Lights Concurrent 60 - 360
for Highway Safety Trucks Groups

Acceident
Rate
Effect

12 - 24 % reduction
33 - 44 % reduction

7 % reduction

5 % reduction

18 - 23 % reduction

© 22%reduction

7 % reduction ‘

7 % reduction




DRL effect with lamp center intensity.

The exception to this trend is the Port of New York Authonty study (Cantﬂh, 1970) In this
study, the DRL configuration was standard parking lights which generally involved rated spherical
intensities on the order of 3-6 cd. and center intensities at H-V on the order of 20-50 cd. Despite,
the low intensity range, accident rate reductions of 18-23 percent were reported It should be noted

that rear parking lamps were on during daytime in this study and the analys1s used rear-end
- accidents as one of the accident types analyzed. When rear-end aceldents were excluded then the
lower reduction figure (approximately 18 percent) was obtamed -

Perhaps the most mterestmg characteristic of the Table 2-1 data is that all DRL accldent rate
field tests conducted to date have shown a positive effect. In all cases, use of DRL has been found
to resul! in apparent accident reducuon In most of the studxes summanzed in Table 2-1, etther

-statistical analyses were not perfomed or the results falled to reach statistical significance.
Attwood's (1981) argument in this regard is well taken. He noted that if there is, in fact, no benefit
of DRL in the general populatlon, then multiple field tests should show about as many negative
results as positive ones. The faet that all known studles have produced posmve results suggests
that the aecxdent redueuon in the populatlon due to DRL i is not zero, and probably lies in the range
from 10-15 percent The types of collision accidents whleh appear to be influenced by DRL
include head-on and confhetmg path (right angle) accidents on main hlghways These are often
severe in terms of injury and damage Indeed Cantilli's (1970) analys1s suggested that when
accidents were graded for severity, using a point scheme based on insurance practice, the reducuon
in seventy due to DRL was considerably greater than that for accident rate alone ~




3.0 DRL DESIGN ISSUES AND DESIGN STUDIES
" Accident rate field studies, as discussed above, provide the main evidence that DRL can
favorably influence accident rates. It has generally been argued that DRL can result in unprovcd
detection of vehicles in peripheral visio 1 by drivers (Attwood, 1981; Rumar, 1981). Among other
perceptual and cognitive skills, safe driving clearly depends on visual search‘for and detection of,
approaching vel icles. Accurate object recognition, estimation of vehicle path, estimation of vehicle
rate, etc., requ re visually perceived information which is only available from foveal v1s10n
- Neisser (1967) and others have shown that during search, prcattentlvc mechamsms, operatmg on
inputs from peripheral receptors, gu1de eye fixations on objects in the visual ﬁcld Features of |
objects viewed in the periphery, which enhance conspicuity and likelihood of later fixation on the
object, include background contrast, visual angle subtended, shapc and motion-or change. Itis
presumed, therefore, that DRL can enhance the contrast ofa vehicle appearing at a distance in
daylight and increase its conspicuity in penpheral vision thus increasing the likelihood of early .
detection and the 1pphcat10n of foveal vision. The above conmdcrauons suggest that the greater the
intensity of DRL, the better in terms of detection in dayhght. This assertion is ‘probably correct, but ,
there are other considerations which suggest that an upper limit on DRL mtensxty should also
* receive research attention and should be selcctcd based on data. Results of some stL dies of DRL
desxgn issues are dxscussed below -

F1ve general DRL configurahons have becn proposed
» Headlight high beams
*  Headlight low beams
o Tum signals
+  Parking lamps
. Dedlcated DRL lamps
3 1.1 Headlights as DRL -

Standard vehicle headlamps in either the low or high beam mode have been proposed as DRL
Headlamp low beams provide central intensities up to 20,000 cd. and high beams may provide over
60,000 cd. These lamps are readily detected in daylight - at least when the vehicle is viewed
head-on. One argument against standard headlamps as DRL is based on fuel ecc nomy. The
energy consumed by DRL lamps will be reflected in increased fuel consumption. Teaigue, Rohter,
Gau, Wakely and Viergutz (1980) have examined costs associated with introduction of full-time
use of headlights as DRL in the U.S. These authors pointed out that as vehicles are currently
wired, simply turning on the headlights during daytime would result in operation of not just the
headlights, but also the parking lights. The electrical load of the entire parking lamp system,
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includir.g parking lamps, side lamps, ir strument lamps and associated wiring, is nearly as great as
that of ]ow-beam headlights. Some dow n-sized automobiles were identified which have alternators
sized assuming that the headhghts are used only at night. Full-time operation of headnghts along
with wintertime use of heaters and defrosters, or summertime use of air conditioning would result
in a long term decline in battery state of charge. The relative abundance of automobiles in this

~ category was small at the time of the Teague et. al. (1980) study but has probably mcreased in the

intervening period, with the current emphasxs on fuel economy.

- The Teague et. al. analysis points out an important consideration in that it is not desirable from
the standpoint of fuel consumption to implement DRL at an arbitrarily high intensity level -
particularly if substantial accident rate reduction can be achieved at lower intensity levels.
Therefore, the conspicuity enhancement available from DRL at output intensities considerably
below that of headlights should be evaluated ‘Attwood ( 1981) has argued that an ideal DRL lamp
would probably require an intensity no greater than 1000 cd. Th1s recommendatron arose from
cons1derat10n of glare dunng dawn/dusk maskmg of unequlpped vehicles durmg dawn/dusk and

“cost/benefit analyses of DRL nnplementauon m Canada performed by Ng (1 980)

Cost factors favor hlgh beam DRL over low beam when lamp replacement costs are
consxdered This is because a lamp must be neplaced when either ﬁlament fails. _High beams are
rarely used by most dnvers, so lamp replacement is usually brought about by low beam filament
faxlure Use of low beams i in daylight would drast1cally increase the replacement rate, while high

' beam DRL would simply achieve greater utilization of hlgh beam filamer ts. However, glare |

experienced by oncoming drivers is a potent obJecuon to use of full mtensxty upper bedms as DRL.
These might be acceptable under high ambient hghtmg cond1t10ns but would proba )ly produce_
glare under dawn/dusk conditions. Presumably, vehlcles would be wrred so that hxgh beams
would automatically be turned turned on when the engine is runmng and the headllght swrtch 1s
turned off. Turning on the headlxght switch would give the driver normal low/hrgh beam control

It is often argued however, that dnvers would forget to turn the headlights on (and high beam
DRL off) at the approach of sunset and would wind up driving in tw1hght or dark on high beams.

It has often been suggested that hxgh beams could be operated as DRL, using a droppmg
resistor or other component to reduce central intensity to something on the order of 5,000 cd. This
would solve the glare objection and would extend hlgh beam filament life. It might or might not
reduce the energy costs assoclated with headhghts as DRL, dependm g on details of the
implementation, :

Lamp beam pattern is another desx gn parameter whrch would be specrfied in an effectlve DRL,
concept. In addmon to the issue of energy consumpnon vehxcle headhghts are not very effective in
d1rect1ng the ﬂlummauon emltted This is because headhghts are subject to spemﬁc Federal deS1gn



requirements which ensure that they perform their main function - that of illuminating the roadway
-at night.  High beams emit a very narrow cone of illumination centrally, and intensity drops off
rapidly outside of this cone. Low beams have a wider beam pattern, but this is aimed down and to
the right so as to reduce glarc experienced by.oncoming divers. An ideal DRL lamp, on the other
hand, would have a wide horizontal beam pattern so as to pfovide conspicuity enhancement over a
wide range of angles. Therefore, headlights do not appcar to provide an optimum beam pattern for
the role of DRL. '
3.1.2 Turn Signzis as DRL
Turn signals could be used as DRL with a wiring change so that front turn signal filaments
would be normally on when the engine is running. Operation of the turn signal control would
cause the lamp on the selected side to operate as a turn signal. The characteristic intensity at H-V of
turn signals is on the order of 500 to 600 cd. Turn signal reflectors are generally designed to yield ”
a fairly wide beam pattern and this concept would represent an nnprovcmcnt in hght d;smhu_ugn
over headlamps. There is a question as to whether characteristic turn signal intensity is sufficxent to
serve the DRL function or whether this would have to be increased. Turn signal assemblies on
many current vehicles are made of plastic and would not even stahd continuous operation of turn
signal filaments at current intensities. Modifications to turn signal housings, and perhaps use of
higher intensity fﬂaments would be required in addition to wiring changes for turn signals to serve
as DRL. Consideration of turn signals as DRL has raised the question of whether amber or clear
lamps are more effective in enhancing vehicle conspicuity.
3.1.3 Parking Lamps as DRL ' |
Existing vehicle parking lamps appear able to provide an accident reduction effect when used as
DRL, based on the Cantilli (1970) and Stein (1985) studies. Many vehicles have combined turn
signal and parking light functions, using a dual filament bulb in a single housing, so considerations
relevant to turn signals generally apply to parking lamps as well. The main question is intensity in
relation to conspicuity and accident reduction benefit. This question was addressed in the TIHS
field test reported by Stein (1985) and special bulbs having a major filament rated intcnsity of 32
cd. and minor filament intensity of 15 cd. were used to increase the output for DRL purposes.
Assurmng that the current approach of a combined turn s1gnal and parkmg lamp is retained, the turn
signal filament must have a sufficiently high output so that the flash is visible with the parking
filament on. This means that use of the minor filament as a DRL would require even higher
intensities for the turn signal filament, so the question of heat rejection by the housing is an issue as
regards use of parking lights as DRL. For the current turn signal and parking lamp housing to
perform DRL functions too, the unit would probably have to be redesigned.



3.1.4 Dedicated DRL Lamps
~ The most frequent criticism levied against dedicated DRL concepts is cost. Approaches using
standard vehicle lamps as DRL have generally been motivated by a desire to reduce cost by using
existing lamps. Considerations relative to existing lamp approaches discussed previously,
however, have suggested that costs will be incurred for wiring changes, modified lamp housings,
resistors, etc. if these other approaches are pursued. The real question is whether the cost of
implementing vehicles with DRL is returned in conspicuity and benefits of reduction in accident
rates. Since a dedicated DRL unit would be a single purpose conspicuity device, .ts physical
properties could be designed to maximize conspicuity. It has been suggested that an ideal DRL.
might be similar in design to the fog lamps or "driving" lamps which are offered as OEM items on
some automobiles and are available as after?market accessories.
3.2 DRL Conspicuity Under Daylight Conditions
The primary issue in selecting an effective DRL concept involves the Iuminous intensity level to -
be specified so that enhancement of conspicuity of equipped vehicles occurs under full daylight.
This issue involves both center intensity and angular distribution of intensity due to the desigh of
the lamp reflector. Other factors in DRL design which may also influence daytime conspicuity are
color, lamp area, lamp background and number of lamps.
3.2.1 DRL Luminous Intensity
The issue of DRL characteristic center luminous intensity is a fundamental one. Automotlve
lamps are usua.lly characterized by the intensity in cd. at the center of the lens or at the H-V point, .
which is basically "straight ahead" as the hmp is mounted in the vehicle. No research effort to date
has conclusively demonstrated a specific relationship between ‘DRL intensity and accident rate
reduction. A number of experiments and tests have, however, been carried out which indicate how
central intensity influences conprcuxty and detection. |
Horberg and Rumar (1979) reported an investigation of peripheral vehicle detection
performance in which lower intensity DRL lamps having outputs from 50 to 400 cd. were
compared with a no-DRL control condition and with high beams having 60,000 cd. under ambient
lighting condmons of 3,000 to 6,000 lux. Penpheral viewing angles of 30 and 60 degrees were
investigated. DRL intensities of 50 and 150 cd. resulted i in detection distances which were
essentially equal to those for the control condition. Increases in detection distance were noted for
DRL lamps having 400 cd. and much greater increases were associated with high beams. A similar
set of tests was conducted under twilight conditions from about 100 to 2000 lux. It was found that
below ambient illumination levels of about 700 - 800 lux, DRL lzirnps having intensities from 100
to 300 cd. produced similar detectlon distance increments. Above this ambient level, detection
dlstanccs for 100 to 300 cd DRL lamps d1d not differ from those for the control condxtmn



Rumar (1981) has discussed the influence of these studies on the definition of the SWedish
Standard SS 3110 (Road Vehicles: Special Running Lights). The minimum mtermty allowed at
H-V is 300 cd. and the maximum is 800 cd. These values wore selected to place the mtensxty levels
in the range where the Horberg and Rumar (1979) data showed a conspicuity benefit, but to avoid .
"wilight or nightime glare problems. The DRL intensity in Sweden is considered effective under
lower ambient light levels, but may be less so in broad daylight. Increasing the center intensity to
1000 - 1500 cd. and prohibiting use during dawn/dusk has been considered in Sweden and
. Finland, but has not been implemented due to concern about glare (Rumar, 1985).

Opinion concerning DRL intensity in the U.S and in Canada has often held that conspicuity
increases associated with intensities above the Swedish standard of 300 - 800 cd. may be desirable,
although there has been concern about discomfort glare too. The Lighting Committee of the
Society of A itomotive Engineers has established a DRL Task Force which has conducted a number
of investigations of subjective evaluations of DRL effectiveness by observers. Moore (1985a) has
reported a test in which observers centrally viewed a stauonary DRL equipped vehlcle at dlstanccs
ranging from 0.2 to 1.0 mile and indicated whether or not they could clearly see the car and
determine its direction of travel, and whether or not they could clearly see the DRL lamp which was
- a UF headlamp with the upper beam set to one of several intensities, The dependent measure was
the percent of observers who reported being able to see the car and the direction of travel. With' no
DRL or with the DRL lamp producing 200 cd. at H-V, this percentage dechned regularly with
distance from 0.2 to 1.0 mile. With DRL intensity set at 5000 cd., response percentage remained at

100 out to one mile. A DRL intensity of 1500 cd. produced a response percentage of 100 percent o

out to 0.5 mile and declined to about 84 percent at one mile. The results fér DRL intensity of 600
cd. showed 100 percent response out to 0.3 mile and then declined regularly to the control level at
one mile. The interpretation of these results depends on how necessary detection beyord 0.3 mile
is to safe driving. If one were prepared to argue that vehicle detection beyond 0.3 mile (1584 feet)
exceeds the distance necessary, then these data would suggest that for central detectxon of an
oncoming vehicle, 600 cd. may be adequate and 1500 cd. almost certainly is.

~ Inasecond SAE test of DRL consplcuxty (Moore, 1985b) observers viewed a DRL-eqmpped
test car located at peripheral angles ranging from 45 to 83 degrees and distances from 100 to 800
feet. They were instructed to turn to look at the test vehicle and then report the judged effectiveness
of the lamps as DRL. DRL intensities of 200, 600 and 1500 cd. were used. At each distance the
lamps were rotated so that the observers were "in the beam pattern”. The dependent measure was
the percent of 24 observers who judged a particular DRL lamp to be an effective signal. For the
1500 cd. condition, 90 to 100 percent of observers judged the lamps to be effective, depending on
viewing distance. This was also true of the 600 cd. lamp at distances of 100 and 800 feet. At
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intermediate distances of 300 and 500 feet, the 600 cd. DRL was judged effective by only 60 to 70
percent of observers. The 200 cd. lamps were judged not effective by a majority of obséri)cx;s at
any distance. | o
This tcst was replicated using a sccond set of observers (Moore, 1985¢). The I‘SOO cd. lamps
were judged effective by 80 to 90 pcrcent of observers at 100 feet, but this declin :d to 35 to 45 |

percent at 800 feet. The 200 and 600 cd. lamps were Judged not effective by a maJonty of

observers at all distances. In a third replication under twilight 111ummatlon conditions from one half
hour before sunset until sunset, a considerable i mcrcasc was noted in the percent of obscrvcrs
judging lamps to be an effective signal, This was true for all distances and DRL intensities.
(Moore, 19850). This finding is consistent with that of Horberg and Rumar (1979) that the
'conspicuity of a given DRL intensity level depends strongly on the ambient illumination. The
greater the ambient light level, the greater the requn'ed DRL intensity for a given degree of
conspicuity.

322 DRL Beam Pattern : :

The luminous intensity of automotive lamps is gcncrauy at a maximum at or near the centcr or
H-V position, and drops off as the lamp is seen at an angle. Thls is partlcularly true of headlamp
high beams which conccnu'atc output in a central cone and drop very rapidly outside of this. Other
lamps, such as parking lights and turn s1gna1s, which are intended to be seen from a wide range of

angles often have a much wider beam in the horizontal axis. For a fixed total luminous output, a
wide beam can only be obtained by rcducmg the center mtcnsxty via design of the reflector. An
effective DRL lamp should enhance conspicuity through a fairly wide forward angle so a DRL
concept will have to address not only central intensity but also i mtcnsxty over a range of honzontal
and vertical angles.

The DRL beam pattern standard developed in chden (Swedish Standard SS 3110) is based
on the studies of Horberg and Rumar (1979) and Rumar (1980), on disccmfort glare
considerations :.nd on practical limitations inherent in des1gnmg reflectors. Figure 3-1 shows the
minimum cd. requirements of the Swedish DRL standard as a function of horizontal and vertical
angles. | |

' Kirkpatrick, Hcasly and Bathurst (1984) developed an approach for evaluatmg a beam pattern
such as that shown in Flgure 3-1. This was based on photometnc outputs from an ex1stmg fleet of
vehicles eqmpped with DRL. In developing the scheme, it was necessary to establish a single
measure of light intensity per vehicle. This figure, termed a figure of merit (FOM), related light
intensity at selected horizontal angles to utility in enhancing vehicle conspicuity. In developing the
FOM, the authors specified multiple-vehicle daytime accident scenarios, exercised a vehicle
conflict model via a series of computer simulations, and finally, using measured photometric
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data, compiled a recommendation with respect to output beam pattern.
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Figure 3-1. Minimum DRL Intensity Values (cd.)
From Swedish DRL Standard SS 3110

In one of the SAE DRL tests (Moore, 1985b) the adequacy of a high beam headlight DRL
configuration in peripheral vision was investigated. The DRL equipped test car was located at
distances of 100 to 500 feet from an intersection. Observers viewed the test car at peripheral angles
ranging from 45 to 79 degrees and reported if they could detect the onset of the DRL lamps which
ranged in intensity from 1500 to 65,000 cd. The lamps were aimed straight ahead, not at the
observers, so that the angle to the observers from the center of the lamp varied from 11 to 45
degrees. At these angles, less than 10 percent of observers reported the onset of the lamp. When
the lamps were rotated to point at the observers under the 45 degree peripheral viewing condition,
60 to 82 percent of observers responded, depending on intensity. These data suggest that headlight
high beams do not yield the most desirable DRL beam pattern because they are specifically
designed to illuminate a narrow field ahead of the vehicle When the headlamps were turned to point
at the observers, an appreciable detection rate was obtained, even with large peripheral viewing
angles. When, however, the observers were outside of the central beam (11 degrees or greater),

few detections were reported.
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This test was replicated, using a second sample of observers in an effort reported by Moore
(1985¢) with two modifications. The DRL lamps were pointed directly at the observers at each
distance, and a Type UF headlamp uppcr beam with an intensity at H-V of 65,000 cd. was
compared with a special DRL lamp having a "uniform" beam distribution and intensity at H-V of
1500 cd. Observers reported whether or not they could detect the lamp when it was turned on.
The percent of observers reporting detection was zero at peripheral angles of 72 to 79 degrees
regardless of lamp type. At a peripheral angle of 45 degrees, 24 percent of observers reported
detecting the high beam and 5 percent reported detecting the 1500 cd. lamp. Evidently, even very
high intensity lamps are seldom detected at such largck peripheral viewing angles. This test was
- replicated under dusk illumination conditions during the period from one half hour before sunset to
sunset. This resulted in increases in the percent of observers who reported detect ng the lamp
onset. In the 45 degree peripheral angle condition, 35 percent of observers reported detecting the -
special DRL lamp and about 56 percent reported detecting the high beam,

Moore (1986a) reported an SAE test of three DRL configurations - headlight low beam, turn
signal and fog lamp. Observers faced a straight roadway at right angles and the DRL vehicle
approachcd fro; 1 either the left or right. DRL lamps were turned on at 500 feet from the observers
and were turned off at 250 feet. On a given trial, one configuration was turned on on the right side
of the car and another was turned on on the left side. Observers judged which was the more
effective. For tests conducted with all lamps adjusted to 600 cd. at H-V, the turn s1gna1 was judged
the most effective by a majority of observers. Additional testing was conducted comparmg the fog
lamp and headlight at 1500 cd. The majority of observers judged the fog lamp to be more effective.

This test was replicated using a second group of observers and a stationary test vehicle (Mcore,
1986b). The viewing distance was 250 or 500 feet. At both distances, a 600 cd. amber turn signal
was judged nearly as effective as a 5000 cd. headlamp high beam. A 600 cd. clear turn s1gnal and
the headlamp higi: beam at intensities of 600 to 1500 cd. were judged to be less effective.

A study of several DRL candidate lamps in comparison with high beam headhghts was
performed by Macintyre (1985). The lamps used were as follows: |

« type2B rectangular halogen headlamp
*  type 1A rectangular halogen headlamp
+  amber turn signal with two 32 cd. rated bulbs and 600 c¢d. at H-V
+ four-inch diameter truck turn signal with 50 cd. bulb and 600 cd. at H-V
o four-inch diameter truck turn signal with 50 cd. bulb and 1200 cd. at H-V
+ four-inch diameter accessory lamp with 50 cd. bulb and 1600 cd. at H~V
» amber fog lamp with 600 cd. at H-V
Observers sat facing 90 degrees to the path of the test vehicle which approached at 40 mph. A pair
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of lamps was switched on (one on each side of the vehicle) at a distance of 500 feet from the
observers and was switched off at 250 feet. The observers were directed to turn their heads to look
at the approaching test vehicle and to indicate which of the lamps was judged more conspicuous.
One lamp in a pair was always the type 2B high beam so that all éompariéons were made with it.
This procedure was similar to that used by Moore (1986a). The results were presented in terms of
the intensity of the type 2B headlamp high beam necessary to produce judged conspicuity equal to -
that of the comparison lamp. The low beam headlamp at full voltage was found to be equivalent to
the high beam operating at 3,900 cd. The 1600 cd. accessory lamp was superior to the high beam
operating at up to 5,000 cd. The three turn signals tested were equivalent to the high beam at
intensities of the latter ranging from 3,100 to 4,000 cd. The fog lamp was equivalent at a high
beam intensity of 2,600 cd. :

The studies reported by both Moore and Macintyre generally suggest that high beam headlamps
are less effective as DRL than are other types of lamps, due to the narrow beam pattern of the
former. To be judged as effective as turn Signals, foglamps and other types of lamps, high beams
had to be operated in the 3000 to 5000 cd. range. This level of center intensity may result in giare
problems for drivers who view the beams centrally under low illumination conditions. ' ‘
3.2.3 DRL Luminous Area and Luminance o |

In the studies discussed above, DRL lamps have been characterized by luminous iatensity in
cd. Authors have generally treated DRL lamps seen at distances at which vehicle detection is
thought to be desirable as point sources. In general, the effectiveness of an objeCt as a stimulus for
visual perception is characterized by its Sizc, its luminance and the luminance of the background
against which it is seen. Luminance is a characteristic of an ¢xtcnd_ed source while intensity is a
characteristic of a point source and is a measure of lumens of light energy emitted into a solid angle
surrounding the point. Intensiiy has units such as lumens per steradian or candela. An extended
light source consists of a lot of points each hairing an intensity. Therefore, luminance is a measure
of lumens per steradian per unit area of the source. The luminance of a visual object (reflected or
emitted) in ratio to that of the background defines contrast which, together with object size, is
usually taken to describe the detectability of the object. - This is true for objects which are extended
or have a visually appreciated area. The legibility of printed text, for example, depends chiefly on
the size of characters and the character to background contrast. Small objects seen from a long
distance, however, may be taken as equivalent to point sources (a star for example). In the DRL
literature, lamps have ch: racteristic dimensions of a few inches and are tested at hundreds of feet
from observers. At the visual angles subtended, it is usually assumed that these srimuli can be
treated as point sources, in which case the main factors in visual effectiveness are iatensity (cd.)
and distance. In this case, the lamp may be treated as uniform in luminance across its surface and
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the total luminance is simply the total intensity divided by the area and converted to suitable units.
It is not entirely obvious, however, that this assumption is tenable for DRL: stud ies. When
seen from a distance of several hundred feet, the lamps in question do not seem to be dimensionless
points. They appear to be extended objects It is legitimate to ask whether lamp area has an effect
on detectability when total intensity is held constant, If s0, this fact should impact DRL des1gn
On the other hand, if it is found that area does not influence detectability when iotal intensity is held
~ constant, then lamp mtcnsuy is the correct charactcnsuc to use in dcscnbmg consplculty and area
‘can be largely disregarded in DRL design. |

Horbcrg, and Rumar (1979), reportcd that peripheral detection distance was not affected

s1gmﬁcantly by luminous area of DRL. Lamp areas of 70 and 200 sq. cm. were compared with
~ controlled intensities of 50 and 150 cd. It was total mtensxty rather than area which mﬂuenced .
detection performance. ' ,

In contrast to the above, Fisher (1974) rcported that subjccts who compared 178mm (7 12
bmches), 102mm (4.08 inches) and 56mm (2.24 inches) dlametcr lamps " .found the larger sources
more conspxcuous than the smaller, whereas they found the smaller source bnghtcr and more
d1scomforung than the larger ! Subject cvaluanons were Judgmcnts uuhzmg a semantic d1fferentJal

scale to define "adequate conspxculty" of lamp treatments. ‘
32.4 Background Contrast ,

Dahlstedt and Rumar (1973), have demonstrated that the cbnspicuity value of a low beam DRL
is equivalent, if not superior, to high color contrast between the vehicle and the background.
Similarly, Horberg, and Rumar (1979), in determining the effects of DRL on vehicle conspicuity in
twilight conditions, demonstrated that effectiveness is partlally a function of background
‘illumination levels. In the cxpenments estabhshmg detccuon dastances for two contrast conditions

- (snow covered and dry black pavement), they prcsented subjects with vehicles cqulppcd with
varying DRL light intensities (C, 100, 200, 300 cd.). The results varied as a function of the
background condition. Under the snow condition, the four DRL intensities did not s1gmflcant1y
differ with respect to detection distances above an ambient hghtmg of 500 lux. Below that level,
however, detection distances increased consxderably until the limits of the faCIhty were exceeded.
Similarly, with the exception of the 300 cd. DRL condition, results of the blacktop experiment
yielded insignificant differences in detection distance as a function of DRL intensity above 750 lux.
The 300 cd. condition appeared to increase vehicle conspicuity to a larger extent around 1000 lux
than did the rémaining three light intensity conditions (0, 100, 200 cd.). Additionally, the increase
in conspicuity value afforded a vehicle by increased DRL light intensity appeared to increase more
dramatically in the snow condit on than in the blacktop experiment.

Blackwell (1970), in investigating contrast, found that the "contrast multiplier" changes
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significantly as a function of age. The contrast multiplier remains apprdximatcly stable through agf:
forty, however as age increases beyond that, so does the contrast multiplier. For example, an
individual of age 65 would require almost three times the contrast to detect the same stimulus.

3.2.5 DRL Color . '

The issue of the optimum color for DRL in enhancing vehicle conspxculty is related to the fact
that many vehicles today have amber running lights and turn signals. Attempts to evaluate this
factor in relation to the headlamp concept has raised the issue.

- While not explicitly evaluating amber and clear sources, Taylor and Sumner (1945) reported
that, at constant distances, light colors appeared nearer than did dark colors. Specifically, subjects
were requested to equate the apparent distance between a constant referenc e color source (gray) and
a second source (white, yellow, green, red, blue or black). The results indicated that colors with a -
brightness ;2 reater than the background were perceived to be closer than they were in reality. The
same general relationship held with colors having a brightness less than the background.
Comparmg the bnghtness mcasurements of the Munsell hue and chroma des1gnahons used in the
experiment, white had a measured bnghtness of 75% while yellow had a brightness of 76%. If as
was suggested by the authors, brightness is a major factor in distance estimation, cxpcctcd
performance differences between the two colors would be minimal. The position difference
reported between the average yellow and white placement (.34mm) translates to an error difference
of about .05%. Results were achieved utilizing a fixed viewing distance of 7.5 feet in a "dark
room". 3

Using paired comparisons of yellow and white lights at intensities of 0, 50, 150, and 400 cd.,
Horberg, and Rumar (1979) found no’signiﬁcant difference with respect to subjective cc;nspicuity
value. The judgements were made on vehicles faced frontally and equipped with DRL of 200 sq.
cm. at a distance of 500 meters (1640 feet). Rumar (1980) reported a subjective preference for
yellow over white lights with respect to conspicuity value, but found no experimental difference.

Allen, Strickland and Adams (1967), in investigating the relative visitility of white, amber,
green and red stimulus lights at varying intensities, reportcd that targct detzctablhty was a function
of its relative brightness - not its color.

A number of DRL tests conducted by the nghtmg Comrmttce of the Socwty Of Automotive
Engineers have previously been discussed in connection with lamp mtensxty and intensity
distribution. Moore (1985b) found that observer Judgments of acceptability of lamps as DRL were
influenced by intensity in the range from 200 to 1500 cd. but were not strongly mﬂu::nced by color
(aﬁba versus clear). Similar results were found by Moore (1>985c) In coxitrast, using paired
comparisons of DRL devices on thc two sides of a test vehicle, Moore ( 1986a) found that an amber
turn s1gna1 was judged more conspicuous than either a clear fog lamp or low beam headlamps when.
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all lamps were controlled at 600 cd. In a similar test, Moore (1986b) reported that amber turn
signals were Judgcd more conspxcuous than a clear turn sxgnal of equal intensity.

Glare is often classxfied as disability glare which occurs at sufficxently high veilin g lummance
levels that a decrement occurs in visual performance, or discomfort glare which is intense enough
to represent a noxious stimulus but not sufficient to interfere with visual perfom ince (Perel,
Olson, Sivak and Medlin, 1984). With sufficient intensity, DRL lamps may cause masking of
unequipped oncoming vehicles or may mask turn signals if these and the DRI lamps are mounted -
close together. These constitute examples of disability glare because critical visual tasks are
impeded. DRL lamps of sufficient intensity and proximity‘ may also cause discomfort glare. This
is a concern with regard to high beam headlights.

- 3.3.1 Discomfort Glare

In summarizing the literature with respect to vehicle lighting concerns, Fisher (1974) reviewed
research conducted by Jehu (1965) and by the Netherlands Institute for Road Safety Research
(SWOV, 1969) in which both sources proposed a town beam with a light intensity between marker

- lights and dipped headlights. The objective was to develop an improved vehicle marker light which

minimized discomfort glare. Specific:ily, they recommended a lamp having 1/10 the intensity of
dipped headlights for use in urban or built-up regions. Additionally, Fisher (1979) reported work
conducted by Fisher and Hall (1970) in which they evaluated the proposed town beam in simulated
traffic conditions. In assessing preference for the town lamp (as compared to a dipped headlamp),
they reported a statistically significant dlfference However, this preference "appeared to be based ,
on considerations of comfort rather than v1s1b1hty " Fisher (1970) stressed that ". headlamp
performance is susceptible to producuon tolerances, aiming and loading of vehlcle . Hignett
(1970) demonstrated that, due to suspension design, a car carrying its design load can produce
unacceptable glare. Therefore, glare and discomfort are not simply a function of lemp design,
intensity and beam distribution. Similarly, with respect to quartz halogen lights and lamps that
feature "sharp cut-off beams", the "...standard of aiming must be improved if the proportion of
glaring lamps is to remain below any particular level.” (Harris, 1954).

Fisher and Christie (1963) reported that age dxfferenhally impacts the effects of glare.

. Specifically, older individuals are more seriously unpa1red by glare than are younger individuals.

In attemptmg to specify the relationship more precisely, they calculated that the veiling lummance
fora s1xty year old observer is three times that for a twenty year old.

332 Masking of Unequipped Vehicles

- Attwood (1979) studied performance in detecting an oncoming vehicle under dawn/dusk
ambient illumination levels. The test vehicle was in the center posmon of a platoon of three ‘
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vehicles. Treatments were used in which the first and third vehicles had, or did not have, lov:v
beam headlights turned on. The results indicated that the presence of headlamps on the first and
third vehicles led to decrements in distance at detection of the unlit center vehicle. This masking
=ffect led Attwood (1981) to recommend a DRL intensity level no greater than 2000 cd. wh1ch is
considerably less than typical low beam headlights.
3.3.3 Masking of Turn Signals ‘
Fisher {1974) related the results of a study conducted by the Swedish Institute for Road Safety
Research in which it was reported that "... as the percentage of dipped headlights increased there
was less risk of accident for these drivers and a greater risk for drivers relying on marker lights".
The report concluded that present marker lights are inadequate in some circumstances and that there
is a need for uniform lighting system so that marker lights are not masked by dipped headlights.
Tests of turn signal masking effects as a function of lamp intensity, viewing distance and
location relative to turn signals have been reported by several authors. Moore (1986b) has reportcd
a test of masking of turn signals under daylight conditions by a high beam headlamp with intensity
rangmg from 0 to 5000 cd. The turn signal was operated at 250 cd. at H-V and its center was
separated from the headlamp edge by 3.375 in. Observers faced the test vehicle directly at viewing
distances of 500 and 1600 feet and indicated whether or not they could see the operating turn
signal. At the 500 foot distance, 95 to 100 percent of observers reported seeing the turn signal. At -
5000 cd. this percent dropped to less than 50. At the 1600 foot distance, head lamp intensities as
low as 600 cd. resulted in turn signal detection by only 24 percent of subjccts Dctcctlons dropped
to less than 10 percent for intensities of 1500 cd. and above. v
A test of turn signal masking by high beams in dayhght‘ was reported by Macintyre (1985). The
test vehicle approached the observers at 20 mph and turn signal recognition distance was
determined as a function of turn signal to headlight separatibn and turn signal intensity at H-V in
the range from 200 to 1200 cd. The high beam intensity was 3000 to 4000 cd. at H-V. For 6 in.
separation, mean detection distance ranged from about 670 to 770 ft. depending on turn signal
intensity. For 4 in. separation, the range of mean detection distance was 640 to 710 ft. and for 2.5
in. separation, the range was from 590 to 650 ft. | | |
3.4 DRL Legislation and Standards | S o
In Finland and Sweden national DRL laws were passed in the 1970s. The Swedish DRL
standard for minimum intensities is shown in Figure 3-1. The maximum intenSity at H-V is 800 cd.

~ The minimum lamp area is about 40 sq cm. and DRL lamps can be either clear or amber. DRL is

required on vehicles manufactured in Sweden after the effective date of the law. Dnvers of vehicles

_ manufactured prior to that date can use low beams as DRL. Saab introduced a DRI, implementation
- in 1975 which used reduced intensity low beams and, in 1977, changed to use of cornering,
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running and parking lights as DRL. Volvo mtroduccd mcreascd intensity parkmg lights with 300
to 400 cd. at H-V as DRL in 1977 (Rumar, 1981).

“In April 1986, the Canadian Department of Transport issued a proposed motor vehicle safety
standard req ﬁiring DRL as of 1 December, 1989. The prbposed standard allows high beam
headlamps as DRL if the intensity is limited to 2 maximum of 7000 cd. at H-V. Low beam °
headlamps are also allowed with or without reduced intensity. Other lamps may be used and may
be clear or amber with a minimum luminous area of 40 sq. cm. and minimum projected area at 45
degrees outboard of 10 sq. cm. The minimum intensities for DRL lamps which are not combined
with another regulated lamp are 500 cd. at H-V and 250 cd. at 10 degrees left and right of center in
the H plane. A maximum intensity of 1200 cd. is allowed at all points from 20 degrees left to 20 .
degrees right in the H plane and upward to 10 degrees up.
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- 4.0 EXPERIMENTAL ISSUES :

DRL intensity and the resulting level of daytime conspicuity is a primary consideration in
definition of a satisfactory DRL design. A minimum intensity level has been provided in field tests
through use of parking lamps, or parking lamps with increased intensity filaments. The latter yield
characteristic center intensities on the order of 200 cd., and in some cases may approach the
minimum value of 300 cd. required in Sweden. The proposed Cahadian DRL standard réqdirés' a
minimum center intensity of 500 cd. which falls in the range of turn signals or dedicated DRL
~ lamps as does the Swedish standard maximum of 800 ¢d. The Horberg and Rumar (1979) studies
showed that effects of DRL intensity on conspicuity in the 100 to 300 cd. range are dependent on
ambient illumination. In connection with this finding, Rumar (1981) noted that the prevailing
levels of ambient light are considerably lower in Sweden than in the U.S. due to latitude
differences. He pointed out that "In December, the sky illumination in Washington is five times
that of Stockholm. In June, the dawn and dusk periods in Stockholm are about three times as long
as in Washmgton The proportion of overcast daylight hours per year is in Washington 43% and in
Stockholm 56%. The effect of overcast is larger when the sun is lower." (Rumar, 1981). These
considerations suggest that the generally greater illumination levels characteristic of the U.¢ .
compared to Sweden may require greater DRL intensity in the U.S. than is called for by the
Swedish DRL standard. Rumar (1985) discussed a proposal to increase the center intensity of the -
Swedisa DRL standard to the 1000 to 1500 cd. range and to prohibit use during dawn and dusk.

These arguments for greater DRL intensity in the U.S. seem well taken. Hc_)wévei‘, “it should
be kept ‘n mind that Cantilli (1970) obtained significant accident rate reduction using standard
parking Lights as DRL so that this intensity level may not be entirely ineffective. The low end of the
DRL range would appear to be characteristic of improved parking lamps -.on the order of 200 to
250 cd. Attwood (1981) has argued, on grounds of vehicle masking in dawn/dusk illumination,
that the upper DRL limit should be about 2000 cd. and noted that SAE Standard J579c¢ for low
beam headlights limits the intensity at 1.5 degrees left of H-V to 1000 to 2500 cd. due to glare
considerations. This suggests something on the order of 2000 cd. as the upper level of DRL center
intensity. A number of studies of DRL conspicuity using high beam headlights have employed
center intensities up to 5000 cd. This has been done because of the narrow beam pattern of high
beams. Intensities of 5000 cd. in the narrow centcr cone are required if any pcnphcral intensity is
desired.

As discussed in Section 1.0, glare and masking effects may impose an upper li nit on‘DRL
intensity. Therefore, it was considered desirable to evaluate both DRL daytime con ipicuity and
glare/maskmg effects in the 1000 to 2000 cd. range. As noted in Section 3.2.3 it ha; often been
assumed that DRL lamps can be treated as point sources when seen from distances at which vchxcle
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detectton becomes important. If this is true, ‘then luminous 1ntens1ty in cd is thc appropnate"
physical correlate of conspicuity. If, on the other hand, DRL lamps function perceptually as.
extended sources, then area and luminance would become critical i issues m consprcunty and DRL
design. Resolutron of this i 1ssue required an expenmental design in which effects of area and
lummance could be ‘separated from those of intensity. Contrast between a veh1cle and the’
background is a determinant of vehicle detection performance The effect of contrast between a

- DRL lamp and the vehicle, however, has not been mvestlgated

-~ DRI beam pattern is not an empirical issue but would be fundamental to development of af.

| DRL concept “The empzncal question is one of detection performance as a function of i mtensny (or

perhaps area/lununance) If analyses of vehicle conflicts suggest that early detection at say 20
degrees from center is unportant, then a DRL lamp should produce sufficient intensity.at that angle
to prov1de consplculty The empirical data on detection versus mtensrty would be used to

N deterrrune the necessary mtensny at the angle in questlon but it would not be necessanr to run tests - ,
' at that parucular angle to the vehicle. Therefore, detectlon tests were run W1th DRL amps almed’ -

S "dxrectly at the observers and only centra.l 1ntens1ty was controlled

l DRL col 3r effects constltute an experlmental issue. Subjecttve evaluatrons by observers who ’

| Judged the conspxcurty of DRL lamps have often resulted in supenonty of amber over clear lamps, :
| but 1t has Dot been demonstrated that there is- any such advantage when dete ctron performance is
| used as the cntenon ' : s
o Maskmg and glare effects may place an upper lmut on the acceptable ir tensuy of DRL The 4 o
- ‘most undesxrable form of maskmg would appear to be maskmg of turn s1gnals located c lose to DRL_ :

Tamps. Thls effect has been demonstrated as dxscussed in Sectron 3 3. 3 and the se venty vanes -
with dxstance Maskmg of turn srgnals by DRL m the hrgher 1ntens1ty rang 2 bemg studred here |
was consrdered an issue requlrmg evaluatlon , ] |

' Drscomfort glare under low light levels was another experlmental issue. Presumably, low.

~ beam headlamps used as DRL would be acceptable in this: regard. The upper 1nten51ty level of_

2000 cd. considered in the current study is well within the range allowed off—center for low beams
by SAE Standard JS79c $0 thlS effect was not expected to be severe for oncormng vehrcles seen at
some drstance ngh beam headlamps may constltute a glare source dependmg on the mtensrty

- ‘used. For example, the Canadxan DRL standard lumts the high beam i mtens1ty to 7000 od. at H~V |

In any event, DRL on an oncommg vehicle will generally be seen at an angle because of roadway

geometry. At short viewing distances, th1s angle may be considerable and the line of srght will be»
likely to lie outsxde of the central cone charactensuc of h1gh beams At longer d1stances, the line of
'sight may be closer to the central cone but then the viewing distance may reduce the. percetved

degree of glare For these reasons it dld not seem hkely that 2000 cd DRL lamps would produce N
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‘discomfort glare in the oncoming vehicle case. This, however, is not necessarily a worst case.
Glare produced via the rearview mirror may be more intense because the distance to a DRL
cquipped following vehicle may be only tens of feet. It is likely that the infcnsity at vcrtiCal ahglcs
above the honzontal will have to limited in developing a DRL demgn $O as to preclude th1s sourcc.
of glare. To provide a basis for such design, it was considered desirable to evaluate glare effects
when the subject viewed DRL lamps in the 500 to 2000 cd. range via a rearview mirror. |
Clearly, to perform experiments addressmg the issues which have been discussed, a DRL lamp

*‘'was required. It was not considered desirable, howeser, to test specific DRL unplemcntahons such

as headlamps, turn signals, parkmg lamps, etc. Instead, the experimental aoproach called for use

~ of a generic DRL lamp whose design paramieters could be varied in different expenmental

treatments. The lamp chosen to meet the requirements of variable intensity, area, color, etc. was a
Power model #817 accessory lamp. This has a luminous area very close to 100 sq. cm. and a V
he1ght/w1dth ratio of about 1/2 which made it convenient for control of area through use of one
lamp, a masked lamp or two lamps mounted edge- to—cdge Varying the voltagc supphed to the
lamp controlled the intensity at H-V. Because it was econorrucal to test scveral subjects at atime, it
was des1rable that the expenmental lamp have a w1de pattern in the H plane The beam pattern for
the expcrlmental lamp is shown in Table 4- 1. Photometnc mcasuremcnts on thlS lamp are
expressed in Table 4-1 as a percent of the maximum intensity at the center.
Three experiments were performed which dealt with: -

+ . vehicle penpheral detection under dayh ght condmons “

e tum 31gnal maskmg under dayhght conditions

. rearv1ew mirror glare under dawn/dusk condmons
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Table 4-1.  Beam Pattern of Experimental DRL Lamp

Left Right

DRL Intensity | Horizontal ° 9

(Percent Angle 45 20 10 5 \'} 5 10 20 45
of Maximum) (deg.)

5 deg. Up 45| 5.0| 45| 45| 45| 45| 45| 35| 25

Vertical .

f\’nél"ea H 8.5| 46.2| 71.9] 91.0[100.0| 86.9| 72.9| 49.2| 9.0}

' 5deg. Down| 3.0| 4.0| 45| 50| 55| 50| 45| 35| 25 |




5.0 VEHICLE DETECTION EXPERIMENT
The primary criterion on which effects of DRL design ch-uractcﬁsticé should be cvaluated is
driver performance in periphcral detection of an oncoming vehicle under daylight con ditions. The
vehicle detection experiment was pérformed to determine peripheral detection distance as a function
of the following variables:
' + DRL intensity at H-V
* DRL lamp area
» DRL separation - dual sepa ated versus single center-mounted
» DRL lamp color - clear ver as amber
*  DRL background contrast
_ + ambient illumination level. .
5.1 Method o , ,
The vehicle detection experiment was carried out on a two lane blacktop rural road which met
- selection criteria requiring a straight flat roadway section about one mile in length and
approximately parallel to the apparent daily path of the sun, a safe subject location, and minimum
traffic flow. Up to five subjects were run at one time. Subjects sat in portable chairs in a row and
faced in a direction inclined at 15 degrees to the appro'ach’ path of the experimental vehicle.
Subjects faced a primary task stimulus consisting of a variable rate flashing light and were
instructed to count flashes during a trial and to press a hand-held switch upon detecting an
ohcoming vehicle. Vehicle distance from a known starting point at detection was recorded
automatically. | | ' | ' ’
5.2 Independent Variables N

Independent variable values used in the vehicle detection experiment are described below.
DRL treatments resulting from orthogonal combination of i intensity, separation and laxrp size are
shown in Figure 5-1.

5.2.1 DRL Lamp Intensity ,

All DRL treatments were implemented using Power model #817 accessory lamps which have a
luminous area of approximatcly 100 sq. cm. and are capable of producing 3300 cd. at H-Vat 13
volts DC. The use of this partlcular lamp does not mean that it is being recommcnded as a DRL
unplementaﬁon The objective in the current study was evaluation of effects of genenc DRL desi gn
parameters such as intensity, area and color. The intent was not to compare different specific
laAmps. The lamps used were selected entirely beca ise they offered a convenient nethod Hf
implementing the required levels of independent variabls.

The intensities selected for the experiment were 0, 50, 500, 1000, and 2000 cd. at -V, The
0 cd. level represents a control condition (i.e. no DRI ). Lamp intensity was contro'led by the
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setting of a potentiometer to a specified voltage drop across the lamp cxrcuxt A umque voltage
drop was associated with each condition of DRL intensity, color, and lamp area. Requlred voltage
drops specific to these lamp units and configurations were measured in the laboratory using DRL
mounts and circuits, a Spectra Spotmeter™ model UBD-1 and associated probe and a 13 volt DC
power supply. During data collection trials, the potentiometer was adjusted to the requlred voltage
drop, as indicated by a DC volt meter mounted on the DRL control box. The car battery and
alternator provided the power for the DRI s. ' '
5.2.2 DRL Lamp Area

Lamp areas of 50, 100 and 200 sq. cm. were used in the vehicle detectmn experiment. The -
luminous area of the lamp unit used was 100-sq. cm. so this satisfied one level of area. The 50 sq.
cm. area condition was implemented by use of a mask having a cut-out with a 50 sq. cm. center
area as illustrated in Figure 5-1. The 200 sq. cm. area condition was implemented by mounting
two lamps directly adjacent as shown in Figure 5-1. Each lamp was adjusted to one half of the
nominal intensity under the 200 sq. cm. condition. For example, the 200 sq. cm. 2000 cd.
combmat10n was obtained. usmg two lamps mounted together with each having a 100 sq. cm, area
and 1000 cd. At the characteristic detection d1stances, this provided a stimulus equlvalcnt to a 200
§q. cm. lamp having 2000 cd. ' |
5.23 DRL Separatlon ‘

- Separation referred to two condmons a smgle center mounted DRL lamp versus dual DRL .
lamps mounted with approximately the same separation as that between the vehicle turn signals.
Separauon conditions are illustrated in Figure 5-1. It should be kcpt in mind that one set of lamps
was used in the single center mounted condition while two such sets were used in the dual
condmon so that the total intensity from all lamps under the dual condmon was twice that under the
corresponding single condition. "
5.24 DRL Lamp Color

The DRL lamps were equipped with clear or amber lenses. These were changed between trials
to control lamp color. Lenses were 1dent1ca1 m all regards except color and levels of light
transmittance.

5.2.5 DRL Background Contrast

Background plates for each DRL lamp position (left, center, nght) were constructed. These
were rectangular w ith a horizontal dimension of 18 inches and a vertical dimension of 12 inches.
They provided a flat white or flat black background against which the DRL lamps contrasted. The
test vehicle was dark blue. All chrome trim on the front of the test vehicle was masked with black
plastic electrical tape to control possible spectral glare.
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~ Trials were run during daylight hours from about 10 AM to 4 PM during the months of
October and November. Ambient illumination was measured immediately following each trial using
a Spectra model FC-200 photometer with a cosine corrected receptor. Ambient illumination could
be controlled only grossly by selection of sunny, overcast, cloudy, etc. time periods. The
observed range was from 14,000 Iux representmg heavy overcast to 94, OOO lux under bright sunny
conditions.
5.3 Experimental Design A
The number of treatments yielded by orthogonal combination of all levels of the independent
variables was 120. It was desirable to complete the trials for a group of subjects in one day and
this number of treatments could not be accommodated. Therefore, subjects were divided into two
groups and groups were assigned to treatment combinations in such a way that the three-way "
interaction of color, separation and contrast was confounded with differences between groups.
This resulted in a one half replicate consxstmg of 60 trials per group. All main effects and two-way '
interactions were balanced with respect to group differences. The independent variable ambient
illumination was not under experimental control It was necessary to record ﬂus on each trizl and to
analyze the data via multiple regression. ‘ v
Change in DRL color required changmg lenses on all lamps and change in contrast level
required changing background panels. These mampulatlons were somewhat time consurmng $O
these variables were blocked. Color and contrast were held constarit for a block of fifteen trials
composed of three levels of lamp area and five levels of DRL intensity. Assrgnment of
color/contrast combmatrons to trial blocks 1 to 4 was done using a latin square to counterbalance ‘
effects of these variables agamst pracuce effects - |
) Wrthm a trial block the 50 sq. cm. area condmon was unplemented usmg a mask to limit the
lamp luminous area. This change required installation/removal of masks. Therefore, the five 50
sq. cm. trials within a block were grouped together. The order of presentation of the ten tnals per
block involving areas other than 50 $q. cm. was first randomrzed The order of the 50 sq cm,
trials was randormzed separately The latter set was then inserted into the former at a randomly
chosen posmon Control of mtensxty, separatlon and areas other than 50 sq. cm. was done by
sw1tch settings. Levels of all mdependcnt vanables per trial were speclﬁed by arun schedule
5.4 Test Site
The vehlcle detectlon expenment was carned out on Route 645 in Pnnce W:lham County,' |
Virginia. ThlS is a two lane blacktop rural road which met selection criteria requmng a sualght flat
~ roadway sectlon about one mile in length and approx1mately parallel to the apparent darly path of
the sun, a safe subject location, and minimum traffic flow (on the order of three vehicles | per hour).
The test site geometry is shown in Figure 5-2. The DRL test vehicle approached along the straight
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roadway section. Subjects were located Just off the road at a curve. Up to five subjects were run at
one time. Subjects satin portable chairs in a row and faced i 1n a direction inclined at 15 degrees to
the approach path of the experimental vehicle. The center subject position was aligned with the lane
center line. The use of multiple subjects resulted in deviations from the nominal test :'vehicle
peripheral angle (15 degrees) and the nominal DRL v1ewmg ‘angle (0 degrees). At characteristic
detection distances, however, these deviations were small. The vehicle penpheral angle is the angle .
primary task - subject - center of vehicle. At a distance of 500 feet, which is less than the
lowest mean detection distance obtamed, the leftmost of five subjects would see the vehxcle ata
viewing angle of 16.5 degrees. The rightmost subject would see it at 13.5 degrees. “Thus the
maximum absolute error in penpheral viewing angle was about 1.5 degrees. The DRL angle is
measured from the test vehicle and is the angle outermost subject - center mounted DRL lamp -
center subject. The absolute value of this angle was about 0.4 degrees for both the leftmost and
rightmost subjects. This was well w1thm the center cone of the lamp used.

Subjects faced a primary task stimulus which consisted of a variable rate ﬂashmg light located' '
as shown in Figure 5-2 and were instructed to count flashes during a trial and to press a hand-held
switch upon detecting an oncoming vehicle. They were also instructed not to look away from the
primary task display until told to do so by the experimenter. The subject location was shaded by
trees so that subjects were not lookmg into the sun. The sun apparent path was approxunately
parallel to the straight roadway section.

‘The experimenter station was a table immediately behind the subjects. This contained the
experimental apparatus, data forms, run schedules, etc. The experimenter could commumcate with
the DRL vehicle driver vxa two-way radio and could talk du'ectly to the subjects.

5.5 Apparatus

Experimental apparatus in the vehicle detection experiment consisted of DRL control and
distance measurement equipment mounted in and on the test vehicle, detection signal transmitting
and primary task equipment and a Spectra FC-200 photometer located near the experimenter
station, and CB radios for communications. ' '

5.5.1 DRL Test Vehicle

A 1984 Ford Escort, provided by NHTSA served as the test vehlcle and 1s ‘shown m Figure
5-3. This car was modified by the addition of six hghts mounted on a bar attached to the front
bumper of the vehicle. These consisted of two verttcally stacked units at the right, center, and left
positions of the automobile as mdxcated m Fxgures 5 1 and 5 -3. Desxgn and mountmg detmls of
the light bar are shown in Figure 5-4. : ‘
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Figure5-4 DRL Light Bar Detaus“"“‘““ |

The configuration and intensity of thc hghts was controlled by the dnver of the tcst vehxclc
using a control box mounted on the dashboard. The DRL control circuit is shown in Fzgure 5.5,
Switches were provided to allow selection of various sets of lamps The 50 sq. cm. cordition
required the use of a mask inserted into the lower lamp of each group (see figure 5-1) Dxffercnt .
lenses were used for clear and amber hght color conditions. and requlred alens change to alternat
between these conditions. Lamp mtensxty was controlled by the setting of a vanable resistor to a ;
specified voltage drop across the lamp circuit. Priorto a data collection trial, the potenhometer was
adjusted to the required voltage drop as indicated by a DC voltmeter mounted on the DRL conlrol
box. The car battery and alternator prov1ded the power for the DRLs. ‘ '
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5.5.2 Experimenter Station

Eana&k_Can'_Ql_Eqmpmnm A control box for thc pnmary task dlsplay was located at

the experimenter station. This was used to turn the display on and off and to control the flash rate.
The primary task control box is illustrated in Figure 5-6. B

_Qmmmgnﬂandmmmund_gmm Each subject was provided with a small

pushbutton handswitch which was used to signal test car detection. Momentary depression of the
pushbutton in each handswitch activated two separate circuits. The first illuminated one of five

lights (each associated with a specific subject) at the experimenter station, indicating vehicle
detection for each subject. This light remained on until reset by the experimenter at the end of each
trial. The second circuit activated the radio transmitter to send a signal to distance measurement
equipment mounted in the test vehicle. The subject response box is shown in Figure 5-6.
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Figure 5-6. Pramary Task Control and Subject Response
 Equipment Located at Experimenter Station

Photometer - A Spectra model FC-200 photometer with a cosine corrected illuminance probe
was used to measure ambient li; 7htmg conditions at the time of each trial. Measurements were
indicated in lux, with a potenual range of 0 to 300000. The photometer was loeated in the vicinity
of the experimenter station so that it received direct sunhght
553 Travel Distance Measurement :

Distance traveled by the test vehxcle from a standard start point to the pomt of vehtc e detectxon
by the subject was determined using a measurement system procured from the Automott ve Features

Company. A fifth wheel was mounted on the driver side door of the test vehicle by means of

suction cups. Four magnets mounted on the hub of the wheel reported to a reed swm ‘h mounted
outboard of the wheel axle. While the vehicle moved, the reed switch reported each pussage of the
magnets to a Cygnus Automobile Performance Computer and printer. The computer and printer
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were positionec on the front passenger seat of the vehicle, next to the dnver The computer was
calibrated to count reed switch pulses and to continuously compute and dlsplay distance traveled in B
feet. Computed distance was accurate to approximately three feet over distances up to one mile.
The on-board printer circuitry continuously monitored the elapsed distance display, and upon
‘receiving a pulse from a radio controlled relay, captured and printed elapsed distance dita

A relay, powered by a remote control radio receiver, was used as the control switch for the
printer. The radio receiver and antenna were mounted on the front windshield of the ‘est car. The

receiver was a Challenger 2000 hobbyist radio receiver and servo. The unit was modified to N
bypass the servo, using the servo motor powet to actuate the coil in the relay switch. The receiver
was actuated by a radio transmitter located near the subjects station when a subject ref orted vehicle
detectlon by pressing a hand-held switch.

The transmitter was located at the experimenter stanon Upon handswitch closure by a subJect,
a 250 millisecond tumng circuit operated a relay which provided power to the radio remote control
transxmtter The S1gna1 generated by the transmitter actuated the receiver and relay unit located in-
the test car, which in tum actuated the data printer so that travel distance was pnnted automancally ' "
whenever a subject pressed the handsw:tch The handsthch transmxtter and recelver/prmter
circuits are shown in Figure 5-7.

5.5.3 P-imary Task Dnsplay .

Du ing each detection trial, subjects were required to attend to and count the pulses of a
flashin; light. This hght was located approxunately 150 feet from the subjects and 15 degrees to
the righ: of the approach path of the test car as shown in Flgure 5-2. The "on" duratlon of the light -
* was approximately 0.5 second. The "off" duration was under the control of the experimenter, with
a continuous range of on¢ flash every 2 to 15 seconds. At the end of each trxal subjects reported
~ total flashes counted. _

5.5.4 Radio Communications _

Communications between the expenmenter and test vehxcle dnver were prov1ded by means of a
CB radio in the test vehicle and a hand held transcelver at the expenmenter stanon
5.6 Bmcﬁmm ' ‘- :

Subjects reported to the Carlow office in Mernﬁeld VA szmn tests we e glven and -
administrative details were completed Subjects were then transported to the test 31te A standard
set of instructions was read, explaining the procedure, and two practice trials were adnumstered
~ During this time any quesnons were answered by the expenmenter Data collection tnals were then‘
" administered in four blocks of fifteen trials each. A break was allowed between blocks.
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5.6.1 Vision Tests

Two vision tests were applied to all subjects. Visual acuity was tested using a standard Snellen
chart. Contrast sensitivity was tested using the VISTECH Consultants Incorporated VCTS 6500
test. R | |
5.6.2 Instructions to Subjects

A standard set of instructions was read to each group of subjects after amval at the test site.
These instructions directed the subjects to attend to the primary task apparatus and to count signals
(flashes) when told to by the experimenter. It was repeatedly stressed that subjects were to look
directly at the secondary task apparatus until the experimenter asked them to report the number of -
flashes. Subjects were informed that at some time during the trial, a vehicle might approach on the
roadway and that if they detected this, to press a hand held switch whose function was then
demonstrated. They were told that total certainty of a detection was not necessary but to respond
when certain enough that they would look toward the detected vehicle if they were driving.
Followmg the written instructions, the expenmenter answered any questlons
5.6.3 Trial Procedure

Treatments in the vehicle detection expenment were the 120 combmatlons of levels of the
independent variables. These were identified in the run schedule by the integers 1 to 120. The
cxperiméntcr consulted the run schedule to determine the next trial and treatment number. This was
communicated to the test vehicle driver when the test i(ehicle was stopped at the éxpén‘mcntcf
station following the last run. The driver wrote the next trial number and treatment number on the
printer tape. The test vehicle was then driven to one of several tum-offs from the roadway. Most
runs were made with a starting distance of 1200 ft. Durmg pllOt testmg it was noted that with
DRL intensity of 2000 cd. and low ambient illumination, detection was sometimes reported at
distances beyond 1200 ft. Therefore, runs under th:se conditions were made using a starting
distance of 1800 ft. The experimenter and test car driver determined which distance to use based
on the DRL intensity for the next trial and on the last photometer reading. The experimenter then
recorded the start distance selected on a data sheet. o

The test vehicle was driven into one of two turn-offs from the roadway where the front end of
the vehicle was out of the view of subjects. The driver consulted a treatment table using the
treatment number. This indicated levels of independent variables for each treatment and switch
settings necessary to obtain these. For the first trial in each block, the DRL lamp lenses were
installed to obtain the correct color (amber or clear) and the background plates were installed to
obtain the correct contrast (black or white). If the lamp area for the next trial was 50 $q. cm., then

masks were installed on the lower lamps.
Inside the vehicle, the driver set switches on the DRL control box for area and separation
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according to the treatment table. Next the variable resistor was adjusted with the engine above idle
speed so that the correctivoltage across the DRL lar_nps was obtained. The voltage necessary for the
desired intensity was given as a function of area and color in the treatment table. The DRL lamps
were then turned off. The driver backed out into the roadway and positioned the test vehicle in the
center of the lane at a measured starting point painted on the road. He/she lowered the fifth wheel
into contact with the roadway, reset the distance measurmg equipment and reported "ready" to the
experimenter via radio.

The experimenter reset the detection handswitch circuit if this had not been done previously, set

the primary task flash rate, turned on the primary task apparatus, instructed the subjects to attend to

the pnmary task and mstructed the driver to start. The driver then turned on the DRL lamps if the ‘
trial did not involve zero intensity and accelerated the vehicle rap1d1y to 25 mph This speed and a
vehicle heading directly toward the subjects was maintained throughout the approach. During the ‘
run, the expenmenter momtored lamps on the detectlon circuit box which corresponded to the
dxfferent subjects When a glven subject pressed the handsw1tch the correspondmg lamp ,
ﬂlununated This allowed the experimenter to record on adata sheet the order in which the subjects
responded Txes or near-srmultaneous switch presses were also noted on the data sheet. As

. detectlon responses occurred durmg the run, the handswrtch circuit sent pulses to the transmltter

and these were recelved by the receiver on the vehicle and sent to the computer whxch then prmted
out the cuxrently sampled travel d1stance . :

After the test vehicle had passed the subjec;tv posxtxon, the dnver turned off the DRL lamps,
stopped the vehicle, raised the fifth wheel, turned the vehicle around and drove to the vicinity of
the experimenter station, While this was being done, the experimenter read the photometer and
recorded the ambient illumination. The experimenter and driver conferred on the trial results to
confirm that all detection responses had been recorded The main requxrement for this arose
because of tied responses On some occasxons two or more subjects responded within the cycle
time of the computer. This produced fewer pnnted lines than there were subjects By using tie or
near-tie information recorded during the run, the experimenter and driver were able to correctly
assign subject numbers to printed lines in cases of ties.

The experimenter then determined the next trial and treatment and the trial procedure was
repeated until a trial block was completed. Printer tapes and expenmenter data sheets were stored
together for later calculation of detectron d1stance by subtracting the recorded vehicle travel distance
from the starting distance.

5.7 Subjects _ ;

Eighteen subjects were used in the vehlcle detection expenment They mcluded Carlow

employees, persons recruited for the experiment by Carlow employees and students at George

37 .



Mason University recruited through advertisements at the university. All subjects were licensed
drivers, had normal corrected or uncorrected acuity and fell within the normal range on the contrast
sensitivity test. Subjects included nine males and nine females having the followmg age
distribution: ‘

SubjectAge  Number

<25 . v 2
25 -35 6
> 35 | 10

Carlow personnel were paxd at their hourly rates and other subjects were paid a fixed amount for
participation in the cxpenment.
5.8 Results

Four groups of subjects were run in the detection distance cxpenment. Jroup 1 completed
only the first two trial blocks due to equxpment failure and detenorahng weathc r condmons It was
| planned to reassemble this group later but this proved not to be feasxble Groups 2 through 4
completed all four trial blocks The data collectxon effort resulted in 827 usable trials across all
groups. Ambient illumination varied between and within days so that the four groups experienced
different levels of ambient illumination. The numbers of subjects and trials and mean, minimum
and maximum ambient illumination by group are shown in Table 5-1.

" Table 5-1. Subject Groups

Number Number Ambient lllumination (lux)

Group Su:jgcts T:;;ls Minimum Mean Maximum
B 5 147 14000 30027 | 60000
2 4 204 25000 | 44333 | 82000
3 5 260 19000 54508 94000
4 4 216 19000 :| 32556 70000
Total 18 827 14000 41912 94000
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3.8.1 Regression Analysis Using All Independent Variables

When all six independent variables were considered including ambient illumina‘ion, the data
matrix did not represent a balanced experimental design because ambient illumir ation varied
randomly from trial to trial. Therefore, to include ambient illumination in the analysxs, it was
necessary to employ regression analysis. This technique allows for intercorrelations among
independent variables, if any, in a matrix having rmssmg data. The data were subjected to muluple
regression analysis using the following variable coding:

* Lamp area - 50, 100 or 200 sq. cm. -

*  Background
- O=black
- 1=white

+  Color
- O=clear
=~ 1=amber
. Sepafation _
- 0=single center mounted
- 1=dual
DRL intensity - 0, 250, 500, 1000, or 2000 ¢d.
'+ Ambient illumination - 14000 to 94000 lux.

The results of this analys s are shown in Table 5-2. The multiple correlation coefficient was found
to be .269 with all indep:ndent variables listed above included in the model. The regression model
was:

6
Distance = Constant + E Cye X,

k =

where the C are regression coefficients and the X, are independent variables (area, background,

color, etc.). The regression coefficients are given in Table 5-2 in both raw score and standardized
form. The raw score coefficients are least squares estimates of the regression coefficients in the
above equation using the variable coding shown above. The standardized coefficient values would
only be applicable if all independent and dependent variables were converted to standardized form.
The analysis of variance portion of Table 5-2 presents a test of significance of the entire regression
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Table 5-2. Multiple Regression Analysis of Vehicle Detection
Distance Using Data From Subject Groups 1to 4

Mu!tipﬁg Regression of Detection Distance

= 827

N
R= .269
‘Independent  Raw Score  Siandardized T Alpha
Variable Coefficient Coefficient Statistic Level
Constant 691.887 0.000 24.771 <0.001
Size 0.156 0.045 1.338 - 0.181
Background -25.522 -0.059 -1.744 0.082
Color -92.982 -0.215 -6.373 <0.001
Separation 24.847 ~ 0.058 1.697 0.090
Intensity - 0.033 0.106 3.158 0.002
Ambient -0.001 -0.700 -2.078 0.038
Analysis of Variance
| Sum of Degrees Alp'ha
Source . Squares of Freedom F-Ratio Level
Hegression 2772926.009 6 10.673 <0.001
Residual .355056 E+08 820 - |

s i e s s




relationship. The null hypothesis is that in the population the variance accounted for Ly reéression
on the independent variables is zero. This hypothesis may‘ be rejected at the .001 level. The T

~ statistics shown in Table 5-2 provide significance tests of the dlfference of each coefficient from

zero.

The regression analysis was performed as an approach to detemumng the significance levels of
effects of the independent vanables rather than because of interest in using the regression equatron
If one were interested in usmg the regression equatron to predrct detecuon distance for a given DRL
concept, the authors would suggest incorporating into the equatxon only those variables whrch
reached statistical significance as indicated by the T test values and alpha levels in Table 5-2.

DRL intensity was found to be significant at the .002 level and ambient illumination at the .05
level. Color is shown to be significant beyond the .001 level in Table 5.2 but this effect is almost
surely due to confounding of color effects with subject differences. Very little within-Subject
information on clear versus amber lan ps was available from group 1 because only the first two
trial blocks were completed and the bl ockmg scheme was such that these trials involved only thek
slear color condition. Large between-subject differences were apparent in the data and group 1 was

‘haracterized by greater average detection distances than were the other three groups. Mean

detection distance is shown in Figure 5 8 for all data as a function of DRL intensity, group and
ambient illumination. Ambient 111um1nat10n was drchotormzed as high or low ‘using the mean value
of 41912 lux. The Low and High legends in Figure 5-8 refer to ambient dlurmnatron below 41912
lux and above 41912 lux respectively. There are some. m1ssmg points in Figure 5-8 because
groups 1 and 4 were run on days having lower illumination levels than were groups 2 and 3. This
is reflected in the mean illumination levels shown i in Table 5-1. For group 1, no hrg_h iltlumination
data were available for DRL intcnsities of 500 or 1000 cd. For group 4, no high illum ination data
were available for the 2000 cd. condition. Nevertheless, it is clear from Figure 5-8 that detection
distances obtained from group 1 were generally considerably greater than were those for other
groups.

Group 1 completed enly the first two trial blocks which were run using clear lenses and two
trials of the third block using amber lenses. Numbers of trials and mean detection distances are
shown for group 1 and for groups 2-4 in Table 5-3. Group 1 contributed 138 trials to the clear
color condition and only 9 trials to the amber condmon When data for group 1 were 1gnored and
mean detectron distances under the two color conditions were calculated usmg data from groups 2
through 4, these were found to be very nearly identical so the apparent color effect is clearly the
result of individual between-group differences which were confounded with lamp color.
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Figure 5-8. Mean Vehicle Detection Distance as a Function of
DRL Intensity, Ambient Illumination and Subject
Group - Regression Analysis Data ,

Table 5-3. 'Méan: Vehicle Détectién Distance as a
| Function of DRL Color and Subject
Groups - Regression Analysis Qata

bﬁL : (AErov.’Jp Groups Total
Color 1 2-4

Ciear N 138 319 457

Mean: | 942 598 701

Amber N: 9 | 361 | 370

Mean 946 508 | 607
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The effect of primary interest is that of DRL intensity and the interaction of this with ambient
illumination. Mean vehicle detection distance as a function of DRL intensity is shown in Table 5-4
for low and high ambient illumination levels and collapsed across illuminazion levels. The Table
5-4 data are plotted in Figure 5-9. The main effect of DRL intensity does not show increases in
detection distance below 500 cd. From 500 to 2000 cd., however, a regular increase in
detection distance appears. The data suggest that the DRL intensity effect is more pronounced for

low ambient illumination than for high.

Mean Vehicle Detection Distance as a
Function of DRL Intensity and Ambient
lllumination - Regression Analysis Data
From Subject Groups 1-4 '

Table 5-4.

Ambient [1lumination (lux)
Low High Total

DRL Number Mean Number Mean Number Mean
Intensity of Distance of Distance| - of Distance

(cd.) Cases (ft.) Cases (ft.) Cases (ft.)
e 8| B8 | ESEL T R 6437 |09 | 8503
.....250 4 114 0 B17.0 4 . 64 .|.688.0 | . 178 | 642.5
.....500 | 108 1 649.0 | 72 |..613.8 | ... 180 | .634.9
....1eeo . 75,1...73%.9 ,.......105 | . 589.8 | . 180 | 658.5
....2000 1 112 17999 ... 68 1..699.2 1 180 | 705.9
Total 467 673.7 360 640.3 827 | 6593.2

The vehicle detection data were found to exhibit considerable between-subject and
within-subject variability. In some cases, means may have been influencec by a few extreme
scores. An analysis of DRL effects was carried out in which an attempt was made to reduce effects
of extreme values and between-subject variability. First, the highest and lowest distance values
were deleted from each treatment condition composed of one level each of lamp area, background,
color, separation and DRL intensity. Second, detection distances were converted to improvement
scores on a subject-by subject basis. The improvement score was defned as:

43



e e+ AT e e T ST A

Improvement ;;, = Distance “k - Mean Distance ;,

The subscript | refers to subjects, the subscript j refers to DRL intensity conditions and the

subscript K refers to all combinations of the remaining variables. Each detection distance score in
the matrix was converted to an improvement score by subtracting from it the mean detection -
distance at zero DRL intensity for the subject in question. Mean improvement scores were then

* calculated as a function of DRL intensity and ambient illumination (high vs. low). These are

shown ir. Figure 5-10. The origin in Figure 5-10 represents the grand mean detection distance at 0

- DRL intensity as zero. If there were no effect of ambient illumination, the mean improve:nent score

at zero DRL intensity would be zero. Improvement scores for some of the low ambient
illumination data points were negative because they involved mean detection distances which were
less than the grand mean at the intensity level in question. The vertical positions of the curves
reflect the main effect of ambient illumination. The improvemcnt score data suggest that detection
performance improves regularly with DRL intensity under low illumination (as defined here).
Under high illum nation, however, DR . intensitics in the rarze from 250 to 1000 cd. had a less
pronounced effect.

~ The magnitude of the difference in improvement score between the extremes of DRL intensity
(0 vs. 2000 cd.) was approximately 80 feet. At 55 mph, this distance corresponds to about one
second of travel time and at 30 mph to nearly two seconds. It is difficult to transform these _
distance/time relationships into safety improvement values but it can be noted, that a second is a

. fairly long time in rejation to human latencies and reaction times. If the safety benefit of 2000 cd.

DRL as compared tono DRL is a: r2chuction on the order of the number of crashes which could have
been prevented had an oncoming vehicle been detected one to two seconds sooner, then this benefit
may be considerable.
5.8.2 Analysis of Covariance Excluding Zero Intensity Treatments

The data and results of section 5.8.1 are regarded as adequately describing main effects of DRL
intensity and joint effects of DRL intensity and ambient illumination. The regressior technique
does not readily address joint effects of independent varizbles. Therefore, an analysis of
covariance was conducted on a subset of the data with ambient illumination as the covariate. The
detection distance data were transformed for this analysis by subtraction of a term involving the
trregression coefficient of ambient illumination and the mean level of ambient illumination. ' '
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There is an additional problem in directly interpreting the significance of indepcndem variables
other than DRL intensity in the data from section 5.8.1. This involves the zero mtenmy (no DRL)
~ condition. When the DRL intensity main effect is considered, it is appropnate to include the no
DRL data because zero intensity represents a logical point on the mtcns1ty curve. When other
independent variables are considered, however, inclusion of no DRL data may result in
under-estimation of the effects of these. Consider lamp area, for example. The classmca,tlon of
data according to lamp area really makes sense only when the lamps are turned on. The calculation
of treatment means for different lamp areas will involve a certain number of no DRL trials if all the -
data points are used. It seems highly unlikely that area could influence performance for cases in
which the DRL lamp was turned off. Collapsing across the entite data matrix at each particular
level of area and including zero intensity DRL data points would appear likely to suppress true
effects of area or other independent variables. For these reasons, the zero DRL intensit - data were
excluded from the analysis of covariance. The analysis was applied to 718 data point: for Whlch
the DRL lamps were turned on at some intensity level. _

The analysis of covariance consists of analysis of variance applied to scbrcs after subtraction
of the regression effect of the covariate (Winer, 1962). In the 718 DRL data points, the mean
detection distance was 661 feet, the mean ambient illumination was 41728 lux and the regression
coefficient for the effect of ambxent illumination was -.001. Therefore, detection distance adjusted

to remove the general effect of ambient illumination was calculated as follows where vad i is

adjusted detection distance, Y is measured detection distance and X is measured ambxem

illumination in lux:

Y

adj - [-.001 x (X - 41728)] or:

Y --Y+ 001X-41728

adj =
Yad i is essentiall/ the residual error for the regression relationship between detection distance and

ambient illumination. The analysis of covariance of this measure is showa in Table 5-5. Only
main effects and two-way interaction variances were calculated. Missing data would have caused
difficulties in calculating higher order interactions and most of the three-way and higher interactions
were confounded with differences between subjects due to the fractional replication experimental
design. Assuming that these higher order interactions are negligible in the population, interaction
terms other than main effects and two-way interactions were pooled to provide a general error
term. The analysis shown in Table 5-5 is probably somewhat more powerful than the regression
analysis of Table 5-2 because of the removal of the between-subjects main effects. Means were
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‘calculated both ‘with and without group 1 because the confoundmg of group 1 effects mth those of -
DRL color must be examined in order to interpret effects involving color. S

Table 5-5. Analysis of Covariance of Adjusted Vehicle
Detection Distance From Non-Zero Intensity
Treatments and Subject Groups 1-4

Source o df ss MS E Alpha

57.590 19.197 10.75 0.001

DRL Inte 1sity (1)
: 6.762 3.381 1.88  0.250

Lamp Ar.2a (A)

3

2
Lamp Color (C) 1 125776 125776  70.41  0.001
Background (B) 1 - 0.535 0.535 030 —m
Separation (D) 1 12.859 12.859 7.20  0.001
Subjects (S) 17 1583.542  93.150 :
IxA 6 18.626 3.104 1.74  0.250
IxC | 3 13.428 4.476 251  0.100
IxB 3 9.806 3.269 1.83 0.250
IxD 3 5.319 1773 099 —m
AxC 2 67.497 33.748 18.89  0.001
AxB 2 10.262 5.131 2.87 0.160
AxD 2 3.935 1.968 1.10  >0.250
CxB 1 8.606 8.606 4.82  0.050
CxD 1 1.676 ~ 1.676 094  —m 0
BxD 1 39.868 39.868 22.32  0.001
Residual (Error) 668 1193.338 1.786 ‘

Total 717 3159.425

Tests of main effects in Table 5-5 were found to be in substantial agreement with those of Table

5-2. DRL intensity and lamp color were found to be highly significant in both analyses. Lamp |

separation which exceeded the .10 level in the regression analysxs was found to reach the .001 level
in the analysis of covariance.

The DRL intensity main effect has already been illustrated in Figure 5- 9 The separauon\ '
(single vs. dual) main effect was due to the fact that the mean detection distance for the single
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lamp configuration was found to be 647 feet while that for the dual separated condition Was 674

feet. Thus a difference of about 27 feet in mean detection distance is attributable to the separatxon -

factor

The significant effect of DRL color m ‘Table 5-5 was the result of conf: mndmg of
between-subject differences with color due to the mcomplete group 1 data as discusse 1 in Section
5.8.1. This is illustrated in Table 5-6. With the zero DRL intensity treatment data dele ed, group 1
contributed 108 trials to the clear condition data but only 4 trials to the amber condition data. When
the amber-clear comparison was made using only data from groups 2-4, the mean detection
distances varied by only a few feet. I

Table 5-6. Mean Adjusted Detection Distance

' -~ as a Function of DRL Color and
Subject Groups - Analysis of
Covariance Data From Non- Zero
Intensity Treatments

DRL | Group | Groups | Total
Color 1. 2-4

Clear N 108 | 285 403

Mean: | 950 605 | 698

Amber N 4 311 315

Mean | 909 609 613

Among the two-way interactions tested in the analysis of covariance, the following were found

to reach significant alpha levels: area x color (.001), color x background (. 05) and background X
'eparation (.001). The interaction of area and color is illustrated in Flgure 5-11. Because color
offects were mﬂuenced by the SLb_]CCt differences involving group 1, the data have been plotted

vith and w1thout group 1. Exclusron of group 1 did not greatly change the amber curve in Figure.

:-11. The clear curve, however was strongly influenced by the data trials contnbuted by group 1
and mterpretatlon of the area x color interaction is best done using the _group. 2-4 data. . The
right- hand graph in Figure 5-11 shows that amber lamps resulted in greater detection dxstances for
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the two smaller lamp areas but that this effect was reversed for lamps of 200 sq. cm. The 100 sq.
cm. area corresponds approximately to that of a typical turn signal or fog lamp while the 200 sq.
cm. area is characteristic of a single headlamp. The figure 5-11 data suggest that amber is
preferable for dedicated DRL, turn signals or fog lamps used as DRL in the 100 sq. cm. range or
smaller. The apparent diference between amber and clear lamps for lamp areas of 50 and 100 sq.
cm. was tested using Scheffe's test. ‘For the 50 and 100 sg. cm. areas only, the mean adjusted
detection distance for amber lamps was found to be 628 feet while the corresponding‘ value for the
clear lamp condition was 589 feet. This difference was found to be significant at the .01 level

The interaction of lamp color and background color is shown in Figure 5-12. Because the

lamp color variable was involved in this source of variance, the data must be interpreted in light of
the effect of inclusion of group 1. The exclusion of group 1-in obtaining treatment means may be
seen to influence the results quantitatively but the pattern is the same in both sections of Figure
5-12. Under the clear lamp condition, there was a small superiority of the white o rer the black
background. This effect was reversed and somewhat more pronounced for the amber lamp
condition. The data can best be interpreted as indicating that contrast effects between he lamp and
the vehicle are more pronounced for amber lamps than for clear ones. If amber werc chosen in a
DRL concept because of the Figure 5-11 data, then the data in Figure 5-12 suggest hat the lamp
will be more consplcuous against a dark background than against a highly reflective one.

The interaction of background and separation is illustrated in Figure 5- 13. This interaction
was not free of effects of group 1 because the color x background x separation interaction was used
t> form one-half rcp@icétes of the total matrix. Group 1 was over-represented in the single-black
and dual-white conditions. This imbalance would héw_e been corrected if group 1 had completed the
second two block: of trials. In the right-hand section of Figure 5-13, effects of contrast between
iamp and background depend on whether single or dual lamps are used. With dual Jamps, a black
background results in a greater mean detection distance while a white background appears to be
superior for a single lamp. ’ ‘
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6.0 TURN SIGNAL MASK!N(‘ EXPERIMENT ‘
Tumn signal maskmg by DRL lamps mounted adjacent to the turn s1gnals was investi gated The

- probability of correct turn signal dctcctxon in the prescnce of DRL lampf was determined as a

function of the following variables:
« DRL lnten»sxty atH-V
« DRLlamparea
«  DRLlamp color - clear versus amber
+  viewing distance |
* . ambient illumination level
6.1 Mﬁhﬂd
Lamps representing turn signals at 250 cd. were added to the DRL hght bar descnbed in
Section 5.5. Turn signals were located ad;acent to outboard DRL lamps and had amber lenses.
Either no turn signal, the right turn signal or the left turn signal was presented in the presence of he
outboard DRL lamps under daylight conditions. Subjects viewed the test vehicle from 4 controlled
distance and rebOrted whether there was no turn signal, a right turn signal or a left turn signal and-
rated the degree to which the DRL lamps were judged to interfere with the turn signal detection
task.
6.2 Indmmﬂlﬂamahlﬁ . ,.
Power model #817 lamps with amber lenses were used as turn s1gnals These were mounted
outboard of the separated DRL lamps with separation of the turn signal center point to the edge of
the luminous area of the DRL lamp of 2.75 in. The intensity of the turn signals was set to'250 cd.
The DRL lamps used were those described in Section 5.2. The intensity values were 500, 1000
and 2000 cd. at H-V. Lamp areas of 50, 100 and 200 sq. c:a. with amber cr clear lenses were
used. Thus the treatment combinations employed in the turn signal masking experiment were those
shown in Figure 5-1 for the dual separation condition and DRL intensities from 500 to 2000 cd.
Trials were run during daylight hours from about 11 AM to 4 PM during November. Ambient
illumination was measured immediately following each trial using a Spec tra model FC-200
photometer with a cosine corrected illuminance receptor. | ‘ ’
6.3 Experimental Design | :
Eighteen DRL treatment combinations were presented with a turn signal operating. These were
composed of three levels of DRL intensity, three levels of lamp area and two levels of color - clear
or amber. An additional six trials were presented in which the DRL lamps were turned on but the
turn signal was not operating. The DRL treatments used in the no turn signal trials were as
follows:
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- 500 - : 50 . clear
1000 _ o 50 amber
2000 100 :  clear
500 100 . amber
1000 200 clear
2000 200 - amber

Ten subjects were randomly aséigned to two groups. In group 1, right or left turn signal
' direction was selected at random for each of the 18 treartments in which a turn signal was operated.
The direction was reversed for group 2. Thus if a certain DRL treatment was presented with the right
turn signal on for group 1, then the left turn signal was used for this treatment in group 2. The 24 |
turn signal and no turn signal trials were presented to both groups at two distances - 250 and 500 ft.
The order of presentation of treatments was randomized for each distance and group. '
6.4 TestSite : : S .
An unused parking lot in a business district under constructlon was used for data collection.
V1ew1ng d1stances from the subject to the test vehicle of 250 and 500 feet were used. Five subjects
occupied an automobile at one end of the site, while the test car and experimenter were located at the
other end facing the subject car.
6.5 Apparatus

The DRL light bar mounted on the front of the test vehicle as descnbed in Sectlon 5.5 was used
for the turn sxgnal masking experiment. The DRL control circuit described in Section 5.5 was
retained for selection of DRL lamp combinations and intensity. Turn signals were provided using the
same lamp unit as the DRLs. Tv n signal intensity was maintained at 250 cd. Only 100 sq. em.
amber lenses were used for the turn signal units, while amber and white lenses were used for the
DRLs. A circuit box was constructed to control the turn signals. This included a variable resistor
and volt meter to maintain a DC voltage corresponding to 250 cd., and a three position toggle switch
to control left-right turn indication, a‘iong with an "off" position. A standard automobile flasher unit
was used to control flash rate of the turn md1cat10n The test car battery and alternator prov1ded '
electrical power for both DRLs and turn inc hcators :

A Spectra model FC-200 photometcr with a cosine corrected illuminance probe was used to
measure ambient lighting conditions at the time of each trial. Measurements were indicated in lux,
with a potentlal range of O to 300 000. The photometer was located in the test vehicle with the probe
on the roof so that it received direct sunlight.

Two way commumcatxons were mamtamed between the test vehmle and the subject vehicle by
means of CB radios.
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6.6 Procedures .

Vision tests were adrmmstercd to test subjects at the Carlow office in Memfield Vu'gtma
Subj jects were then transported to the test site. A standard set of instructions explammg the
procedurcs was read and questions werc answered by the experimenter. The 24 experimental trials
were then administered at each distance. ’

6 6 1 Vlsxon Tests

Two vision tests were apphed to all subjects V1sua1 acmty was tested usmg a standard Snellen

- chart, Contrast scnsmwty was tested using the VISTECH Consultants Incorporated VCTS 6500 test.
6.6.2 Instructions to Subjects :
A standard set of instructions was read to each group of subjects after arrival at the test site.
These instructions directed the subjects to observe the test vehlcle when told to by the experimenter
and to determme the presence or absence of a flashing turn s1gna.1 The tumn s1gnal was demonstrated
to the subjects. Subjects were instructed to mark an individual data sheet with a "Right", "Left" or
~ "None" response and to indicate the degree to which they agreed with the statement "DRL makes turn
signal more difficult to see." on a five pomt scale Followmg the wntten mstructlons, the
expenmenter answered : any questlons ’ TR IR o
6.6.3 TnalProcedure o o _

The expenmenter positioned the subject vehicle at a predetermined posmon and read the
instructions to subjects. One subject was told to operate the hand held transceiver in the subject
vehicle during trials. The experimenter then drove the DRL test vehicle to a second location which -
established the viewing distance (250 or 500 ft.) and positioned it pomtmg at the front of the subject
~ vehicle. The turn signals were then demonstrated to the subjects.

Treatments in the turn signzal masking experiment were the 24 combinations of levels of the
independent variables and turn signal direction or absence. These were identified in the run schedule
by the integers 1 to 24. The experimenter consulted the run schedule to determine the next trial and
treatment number and consulted a treatment table using the treatment number This indicated levels of
mdcpcndent variables for each treatment and switch settmgs necessary to obtain these. The DRL
lamp lenses were installed to obtain the correct color (amber or clear) and, if the lamp area for the next
trial was 50 sq. cm then masks were installed on the DRL lamps.

Ins1de the vehicle, the dnver set switches on the DRL control box accordmg to the treatment
table. Next the variable resistor was adjusted with the engine above idle speed so that the correct
voltage across the DRL lamps was obtained. The voltage necessary for the desired intensity was
given as a function of area and color in the treatment table. The DRL lamps were then turned off.
The experimenter then announced the next trial number to the subjects via radio. When the subjects
were ready, the DRL lamps and the right or left turn signal (if é.ny) were switched on for 10 seconds.
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* While the lamps were on, the experimenter monitored the DRL and turn signal voltages. The subjects
- were then instructed to mark their data sheets for the trial and, while this was being’ ‘done, the
experimenter read the photometer and recorded the ambient xllummahon level.
6.7 Subjects | - ,
Ten Carlow employees served as subjccts in the turn 51gnal masking experiment. All subjects
were licensed drivers, had normal corrected or uncorrected acuity and fell within the normal range on
‘the contrast sens1t1v1ty test.. Subjects included five males and five females havmg the followmg age
d'stribution: ' ‘ ’

Age .
<25 3
25-35 3
> 35 4

6.8 Rﬁull&

The turr. signal masking data consisted of 480 direction or no turn s1gna1 responses and 307
ratings of interference of the DRL lamps with the turn s1gnal. These were subjected to multiple
regression analyses and analysis of variance. The range of ambient illumination under which turn
signal dctccuon trials were run was 4900 to 100000 lux with a mean of 31135 lux.

6.8.1 Pnobablhty of Correct Detection _ -

- Subject respor:ses, which were "right turn signal”, "left turn s1gnal" or "'no turn siznal”, were
scored and converted to a variable which was equal to 1 if correct and 0 if in error. Means of this
variable are equal to the probability of correct turn. s1gnal detection. The probability of correct
variable was subjected to multiple regression analysis using the following variable coding:

«  DRL intensity - 500, 1000, or 2000 cd.
» lamp area - 50, 100, or 200 sq. Cm.
DRL color |
= O=clear
- 1 =amber
« ' viewing distance - 250 or 500 ft.

« ambient illumination in lux.

The results of this .ana'lys1s are shown in Table 6-1. The multiple ¢orrelation coefficient was found
to be .299 with all 1ndependent variables listed above included in the model. Lamp ar:a, viewing
distance and ambient 111ummat10n were found to have s1gn1f1cant effects on turn sxgml detectxon
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performance. DRL mtensxty was not found to exert a main effect on detec tion perférmance within
the range of intensities studied here. | ' |

The 360 trials run with a turn signal operating (right or left) constituted a factorial design.
Therefore, these could be subjected to analysis of covariance with the effect of ambient illumination
removed statistically. The 120 trials in which no turn signal was presented were deleted from this
analysis. In the 360 right/left trials, the grand probability of correct detection was .811, the grand
mean ambient illumination was 32232 lux and the regression coefficient for the effect of ambient ,

* illumination was -.0000001. Therefore probability of correct turn s1gnal detection adjusted to

remove the general effect of ambicnt illumination was calculated as follows where Pad j is

»‘ adJusted probability of correct detection, P is measured probability thereof and X is measured

‘ambient illumination.

Pagj = P - [-0000001 x (X - 32232)] or:
Pagj = P + .0000001 X - .0032232

- The analysis of covariance of the adjusted probability measure is showr: in Table 6-2. In terms
of mam effects the Table 6-2 data are in agreement with the previous regressmn analys1s in that
viewing dlstance and lamp area were found to be mgmﬁcant at the .001 level. These main effects
are shown in Figure 6-1. Correct turn signal detectxon probablhty decreased regulaxly with
increasing DRL area and was markedly influenced by v1ewmg distance.

A number of interactions were found to be statlstlcally 31gn1f' cant at the .001 level. These were
area x color , 1nten31ty x area x color and distance x intensity x area x color. The interaction of
lamp area and color is illustrated in Figure 6-2. For lamp areas in the range from 50 to 100 sq.
c¢m., amber DRL lamps appeared to produce greater maskmg than did clear lamps At the 200 sq.
cm. level of lamp area, however, this relationship was reversed. The 200 sq. cm. clear condition is
representative of a headlamp and this treatment produced a greater degree of masking than did the
other area and color combmatxons |

‘The mteractxon of DRL 1nten51ty, area and color is 111ustrated in Flgure 6 3. For 50 $q. cm.
DRL lamps with clear lenses, detection performance declined as a function of DRL area aithough
the rate of decrease appeared to be less for the 1000 cd. condition than for the other i 1ntens1ty levels.
For amber lamps, the decrease in probability with lamp area was less clear-cut. for 100 $q. cm.
lamps, the 1000 cd. intensity condition appeared to produce better detection performance than did
the other intensity levels. For the 200 sq. cm. lamp area condition, decrements in probability of
detection were in order of i mcreasmg lamp intensity.
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Table 6-2.  Analysis of Covariance of Adjusted
Probability of Correct Turn Signal Detection
From Right and Left Turn Signal Conditions

Source df SS MS E Alpha
Distance (D) 1 3.48 3.480 31.950  0.001
DRL Intensity (1) 2 0.42 0.210 1.928 0.250
Lamp Area (A) 2 1.15 0.575 5.279  0.001 |
Lamp Color (C) 1 - 0.29 0.290 2.662 0.250
Subjects 9 7.82 0.869 7.977 —m
Dxl 2 0.6 0.300 2.75¢ 0.100 |
DxA 2 0.46 0.230 2.112  0.250
DxC 1 0.08 0.080 0.73¢ ——°
Ix A 4 0.47 0.118 1.07¢ >0.250
IxC 2 0.15 0.075 0.689 ——
AxC 2 1.14 0570 5.233  0.001
DxixA 4 0.14 0.035 0.321 ——
DxIxC 2 0.48 0.240 2.203 0.250
DxAxC 2 0.63 0.315 2.892 0.100
IxAxC 4 1.72 0.430 3.948 0.001
DxIxAxC 4 1.82 0.455 4.177 0.001
Residual (Error) 315 -34.31 0.109 ——— L —
Total 359 55.16

The interaction of distance, DRL intensity, area and color is illustrated in Figures 6-4 and 6-5.
The data for the 250 foot distance are shown in Figure 6-4. For clear lamps, performance
decrements due to lamp area were found as a function of lamp intensity. For amber lamps, the
decrement in performance associated with lamp area was noted only for the 2000 cd. intensity
condition. The data for the 500 foot viewing distance are shown in Figure 6-5. A general trend
toward greater decrements in detection probability with increasing lamp area appeared in the clear
lamp data at 500 feet. For clear lamps at 500 feet, the decrement was greater for intensities of 500
and 2000 cd. than for the 1000 cd. level. Amber lamps at 500 feet showed little evidence of -
general effect of lamp area. The primary differences occurred for the 100 sq. cm. lamp area with
the 1000 cd. intensity level producing better performance than the other two levels.
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Figure 6-1. Adjusted Probability of Correct Turn Signal
~Detection as a Function of DRL Area and
Distance - Analysis of Covariance Data From
Right and Left Turn Signal Conditions
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Figure 6-2.  Adjusted Probability of Correct Turn Signal
Detection as a Function of DRL Area and Color -
Analysis of Covariance Data From Right and Left
Turn Signal Conditions
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6.8.2 Rating of Turn Signal Detection Difficulty v
The 480 trials i in the turn signal detect10n experiment yielded 307 ratmg responses because
subjects did not rate trials in which they Judged that no turn s1gna1 was present. The d1ff1culty

- rating data were subjected to the same regression analyms ad was probabxhty of correet detection.

The results are shown in Table 6-3. The multiple correlation between rating and the mdependent
variables was found to be .555. All independent variables except distance had significant effects on
rating. Howevcer, the rating results showed conspicuous lack of agreement with the detection
performance results. Lamp color had a significant effect on ratings with amber judged to produce
greater difficulty than clear. However, the detection probability data did not support this. Viewing
distance which was the major deterrmnant of detection performance did not produce a significant
rating effect. , " ‘

The effects on mean rating of DRL intensity and lamp area which were both significant are
shown in Figure 6-6. The mean rating of difficulty increased with both lamp area and DRL
intensity. The 1arrip area effect on detection probability was also found to be significant but that of
intensity was not. In view of the generul disagreement between rating and detection probability
results, further analysis of the ratmg data was not pursued ‘The probability of correct detection
data represent performance whlle the ratmgs are subjectxve ‘The situation is somewhat sumlar to
that reported by Rumar (1980) in which amber lamps were Jud,ge_d by observers to ‘have greater
conspicuity value than clear lamps but this effect was not supported by the detection performance
data. Since the ratmg data were found to be in considerable disagreement with the detection
performance data, it was concluded that, for the case of turn 31gna1 masking, rating response data
¢id not produce a valid criterion. The probability of correct detection data provide the preferred
method for evaluation of masking effects. ”
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7.0 REARVIEW MIRROR GLARE

Glare produced at a vehicle rearview mirror by DRL lamps mounted behmd the vehicle was

investigated. Ratings of discomfort glare were used as one criterion and subjects were asked to

indicate whether they would or would not flip the mirror to the reduced intensity position (dim the
mirror) if they were driving the vehicle. The independent variables in the rearview mirror glare
experiment were as follows: '

+ DRL Intensity at H-V
" DRL lamp area

*

DRL lamp color - clear versus amber

*

DRL separation - dual separated versus smgle center-mounted

.

ambient illumination level.
7.1 Method

Rearview mirror glare produced under dawn/dusk illurhination conditions by a following
vehicle was cons1dered to represent a worst glare case because the dlstance mvolved could be a few

.expenment was performed_ durmg the period from one half hour before sunset to one half hour_after[

sunset during November. Subjects were seated in the driver’s seat of the DRL test vehicle which
was located in a parking lot and the DRL lamps were mounted on a tripod located 20 feet behind the
rear of the vehicle. Subjects observed the rearview mirror and rated the level of d1scomfort glare on
the DeBoer scale (Perel, Olson, Sivak and Medlin,1984) which is a nine pomt scale of dxscomfort
glare which runs from 1 (unbearable) to 9 (just noticeable). Subjects were also asked if they would
flip the mirror to the reduced mtens1ty position if they experienced the level of glare whﬂe dnvmg

The DRL lamps used were those described in Section 5.2. The intensity values were 500,

1000 and 2000 cd. at H-V. Single center mounted and dual separated lamps with areas of 50, 100 ,'

and 200 sq. cm. and amber or clear lenses were used. Thus the treatment combinatious ‘employed
in the rearview mirror glare experiment were those shown in Figure 5-1 for DRL mtensmes from

500 to 2000 cd. Trials were run during the penod from one half hour before sunset to one half
‘hour after sunset. Ambient 111ummatxon was measured immediately followmg each tnal usmg a
: Spectra model FC-200 photometer with cosine corrected Teceptor.

'Tbirty-six treatment combinations were presented. These were composed of three levels of
DRL intensity, three levels of lamp area, two levels of color - clear or amber and two levels of B
separation - single or dual. The clear and amber conditions were blocked with eighteen uials"bei'ng
presented under each condition. The assignment of clear or amber to the first or second block was
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counterbalanced over subjects. Within a block, treatments involving areas of 100 or 200 sq. cm.
were randomly assigned to trials. The 50 sq. cm. treatments were grouped and the order of
presentation was randomized separately. The 50 sq. cm. group was then inserted at a randomly
selected point in the general trial schedule. This rancomization was done separately for each of the
ten subjects.
7.4 Test Site |

The test vehicle used during the vehicle detection and turn signal masking experiments was also’
used during the rearview mirror glare experiment. The DRL lamps were mounted on a tripod 20
feet behind the rear of the car. The vehicle was parked in a parking lot for data collection. Subjects
were seated in the driver's position and the experimenter sat in the front passenger seat, controlling
DRL configuration and directing the subject to respbnd to each.

7.5 Apparatus

The DRL light bar described in Section 5.5 was used for the rearview mirror glare experiment.
This was mounted on a tripod located 20 ft. behind the test vehicle and was powered from the
vehicle using extension cables. The lamp center pomt was mounted at a height of four feet which
was the height of the rearview mirror and approxxmated a typical eye height for a person seated in
the vehicle. The DRL control circuit described i in Section 5.5 was retained for selection of DRL
lamp combinations and intensity. The test car battery and alternator provided electrical power for

~the DRL lamps. A Spectra model FC-200 phOtometer with a cosine corrected illuminance probe

was used to measure ambient lighting conditions at the time of each trial. Measurements were
indicated in lux with a potentlal range of 0 to 300,000. The photometer was located in the test
vehicle with the probe on the roof.
7.6 Procedures

Vision tests were administered to test subjects at the Carlow office in Merrifield, Viréinia. A
standard set of instructions explaining the procedures was read and questions were answered by the
experimenter. The 36 experimental trials were then administered. | |
7.6.1 Vision Tests

 Two vision tests were applied to all subjects. Visual acuity was tested using a standard Snellen

chart, Contrast sensitivity was tested using the VISTECH Consultants Ineorporated VCTS 6500
test. - - e . - _ » v
7.6.2 Instructions to Subjects

A standard set of instructions was read to each subject. These instructions directed the subjects
to observe the rearview mirror when told to by the expenmenter and to judge the degree of glare

' produced The DeBoer scale for glare judgments was posted in the test vehicle’ and could be

referred to by subjects as necessary.
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7.6.3 Trial Procedure B o

Treatments in the rearview mitror glare experimerit were the 36 combinations of levels of the
independent variables. These were identified in the run schedule by the integers 1 to 36. The
experimenter consulted the run schedule to determine the next trial and treatment number and
consulted a treatment table using the treatment number. Tﬁis indicated levels of indepen"dent.v _
variables for each treatment and the switch settings necessary to obtain these. The DRL lamp
lenses were installed to obtain the correct color (amber or clear) and, if the lamp area for the next -
trial was 50 sq. cm., then masks were installed on the DRL lamps.

Inside the vehicle, the experimenter set switches on the DRL control box according to the
treatment table. Next the variable resistor was adjustcd with the engine above idle speed so that the -
correct voltage across the DRL lamps was obtained. The voltage necessary for the desired i 1nten51ty
was given as a function of area and color in the treatment table. While the lamps were on, the
experimenter monitored the DRL voltage. The subject was then asked for his/her rating and mirror.
response. The experimenter recorded these and then read the photomcter and rccordcd the amblent
illumination level. ’

7.7 Subjects

~ Ten Carlow employces served as subjects in the rearview mirror glare experiment. All
subjects were licensed drivers, had normal corrected or uncorrected aculty and fell within the
normal range on the contrast sensitivity test. Subjects included six males anc four females having

the following age distribution:

Age Number
<25 | 2
25-35 3
5

> 35

7.8 Results

The rearview mirror glare data consisted of 360 DeBoer scale ratings and mirror dimming
responses. These were subjected to multiple regression analysis and analysis of variance. The
range of ambient illumination under which rearview mirror glare trials were run was 1 to 7000 lux
with 2 mean of 685 lux. - | o
7.8.1 Discomfort Glare Rating . .

The discomfort glare ratings ranged from 1 to 9. These were subjected to multiple regression

analysis using the following variable coding:
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* DRL intensity - 500, 1000 or 2000 cd.
»  lamp area - 50, 100 or 200 sq. cm.

* lamp color
-  O=clear
- 1 =amber

- DRL separation
= 0 =single center mounted
- 1 =dual separated

«  ambient illumination in lux.

The results of this analysis are shown in Table 7-1. None of the independent variables was
found to exert a significant influence on rating and the total F-ratio 